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ABSTRACT: The book covers antifriction, antiwear, anadditv
antiseizure additives to luves cants.he t'biook is based on d
Soviet and--foreign literature and includes some new
experimentar data obtained at the All-Union Scienti(ic Research
Institute for Oil and Gas Refining and the Praodctivn of`ynýhetic Liquid Fuel (VNIINP). Pa'rt 1" or the book- d---evoted
7o •he-v-a-rious type of defects and their origins. The main

reqairements set forth for various additives are also listed
in this chapter, which includes a detailed review of the U. S.
gear lubricant-.. Part II covers the classif~ication, properties,

preparatiun, functi, selection, and application of additives
according to the of of equipment and the woU'king conditions.
"The effect of various additives on the friction coefficient and
surface wear is discussed in Ch. I of Par-=iI, Data onM--
Soviet and 3-5 foreign lubricant additives containing S, P,

C1, and Zn are tabulated. The Soviet additive MDS (alkyl
dithio esters of fatty acids) is listed as an effective
antiwear additive. Sulfur-treated terpe ne s are used asmultlifunctional (antiwear and anticorrosive) additives under
the trade name of VTU MNP564-55 (known in the United States as

" Stain Add" and "Amoco-48"). Barium and zinc
dialkyldiarydithiophosphates (DF-i, DF-11, ttvniinp-354,"1
V-501, LZ-31T, and others) are the anticorrosive, antiwear
motor oil additives widely used in the USSR. The Soviet
additive EZ-2 (castor oil treated with P2S5) is described as a
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valuable antiwear and antifriction additive. Among others,
the following antiseizure Soviet additives are listed: LZ-6/9
(ethylene dibutyl xanthate); LZ-24 (ethylene diethyl xanthate);
LZ-23 (ethylene diisopropyl xanthate); and LZ-19 (ethylene
diisoamyl xanthate). Among the chlorinated paraffins, the
Soviet additive "nami-T-122" (contain.ng 40% Cl) is recommended *
as an antiscuff additive to gear box lubricants. The Soviet
additive EZ-5 is listed among the sulfur-chlorine-containing
additive with high antiseizure properties. The use of MoS 2

as an antiseizure and antiwear additive to lubricants appliedat high temperature and of other metal-containing additives
is discussed in Ch. 7 of Part II. The book discusses the
function of additives, including the reaction between the
additive and a metal under various conditions, surface film
formation, stability of the film, and the effect of various
substituents in organic phosphorus- and chlorine-containing
additives. A new mechanism of the MoS 2 function is proposed,
which is based on experimental data obtained by the author in
collaboration with Ye. I. Petyakina. Recommendations are
given for selecting additives to lubricants for automobiles,
turbines, millLng equipment, metal-cutting equipment, and
-textile machinery. Tabulated information on the type of
additive recommended for various automobile parts is
presented. English translation: 96 pages and i14 references:
36 Soviet and 78 non-Soviet.
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ANNOTATION

44.{(book is devoted to oil additives for lowering friction,
wear and preventing of Jamming of friction surfaces.

Th,--buok contains materials on antiffiction, antiwear and
antiburr additives to eils, about contemporary methods of
selecting additives and about the mechanism of their action.
t.,onst• r~the principles of selecting oil additives for

l% '3 jtP• specific types of equipment and requirements for additives
taking into account the conditions of work of machines of
different assignment.This book is designed for engineering technicians and

s,'ientists, studying the questions of application of lubricating
materials in various areas of technology.

A
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INTRODUCTION

At the XXII Congress of the Communist Party of the Soviet Union and the

November (1962) Plenum of Central Committee of the Communist Party of the Soviet

Union special attention was allotted to questions of increasing the productivity

of labor, technical progress, economy of means and materials.

Additives to lubricating oils, by improving the conditions of friction,

promoting the lowering of wear of friction details and preventing the jamming

af surfaces, should be considered as a means of fighting for economy of metals

and increase of between repair runs of equipment. The interest in additives

Increases in connection with increase of loads and forcing of operating conditions

3f machines and mechanisms. However, one should not consider that additives

can serve as universal means for all forms of damage of friction surfaces. In

connection with this In first part of book we consider the types of damages to

surfaces and the causes of their appearance. We also indicate in what cases

one or another oil additive can be expediently applied.

The basic part of this book contains information about the types of antiburr

and antiwear oil additives, on the contemporary view of the mechanism of their

action, the knowledge of which allows us to correctly approach the selection of

additives, which improve the condition of work of meehanisms.

It is necessary to turn special attention to the contradictory nature of

tMe basic requirements presented to antiburr additives, from one side, they

have to have maximum chemical activity with respect to metals to create films

prev-nting the ,Jamming of surfaces, from the other side, they should not evoke

_ _
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metal corrosion. This obliges us in developing antiburr additives to study their-

properties and Influence on friction from all sides to confidently select those

compounids which satisfy such complicated, contradictory requirements.

The problem of scientific selection of oil additives is still far from

solved and a number of positions and terms also remain debatable. However, the

latest-works on synthesis and investigation ofoil additives by Soviet and !

foreign scientists discovered much in the nature of those processes occuring

during friction, and to a significant degree they allow us to depart from the

emirics existing till now in develop.ment and selection of additives.

Uhs book contains recommendations on selection of additive.r according to

3i- the types of equipment and separate mechanisms of machines.

The book Is basiý!ally built on literary material, but also contains date

which are --_ result of joint works of collective of [VNI1 NP] (BHM lil):

Ye. I. Petyakina, F. Ya. Shames, V. P. Karamnova and the author of this book.

-2-.
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I: REQUIREMENTS FOR ADDITIVES
TO IMPROVE THE CONDITIONS OF FRICTION

I.I. ROLE OF ANTIBURR AND ANTIWEAR ADDITIVES TO
OILS IN DIFFERENT WORKING CONDITIONS OF FRICTION PAIRS

Additives to lower wear and friction and prevent jamming of surfaces cannot

be universal means equally effective in all operating conditions of friction

pairs. It is necessary to introduce additives into oil to improve the conditions

of friction only in absolutely definite cases of abnormal and unsatisfactory work.

Due to this the selection of oil with additives should be based on an analysis

of the conditions of friction and the character of damage to surfaces, which

determines the expediency of application of oil's with this type of additives.

Random selection of additives may cause not a positive, but a negative effect,

unexpected by increasing wear or rendering an undesirable influence on the

physicochemrcnal properties of oils. Because of this, before formulating the

requirements for additives to improve the conditions of friction, it is necessary

to consider the characteristics of the conditions of friction and types of

damage to surfaces.

During liquid friction the surfaces are completely separated by the lubricant,

and a relative shift. occurs between its layers. Wear of surfaces is absent, and

f'rlction, except for mechanical parameters, geometry of contacting details and

expenditure of' lubricant, is determined only by the viscosity of the lubricant

.nt Ili operat ing. temperature and does not depend on its polar or chemical activity.

Liquid friction can most easily be ensured in the case of contact of bodies

with ::matI dlsLtnctlon of surface curvature, e.g., for shaft in a slip bearing.

MW-•



However, it can also appear during contact of bodies with great differences

curvature, e.g., in toothed gears, roller bearings, etc., and so forth, if these

friction pairs work at very high speeds.

During liquid •riction it is no longer necessary to use additives to lower

friction and wear.

During semiliquid friction, although the basic load is carried by the oil

film, nevertheless surface contact is observed, always accompanied by wear of

surfaces. Semiliquid conditions of friction are observed in most slip and roller

bearings and also in gear transmissions. In those mechanisms, which during

steady-stal.e operation work in conditions of liquid friction, semiliquid conditions

also exist during starts.

Because of this during semiliquid conditions of friction in a number cases

it can appear expedient to apply additives to liwer wear and friction.

Mixed friction is called semidry, dry and liquid with predominance of dry

contact. Semidry friction is characterized by high wear of surfaces, in a

numiier of' cases leading to Jamming. Here we need to use additives to lower wear

and proeventr Jamming of surfaces. During application of surface-active additives

adsorbed on, surfaces in the form of a film with an oriented molecular structure

fLhre occeu:rs a transltion Into conditions of threshold friction, at which the

Oni.zfacs tare ,e:parated by a layer of lubricant so thin tha. It.s properties

differ from Hlf. volum, properties of the lubricant. The oriented molecu')tar

vtriiclure dei -mriTes the ability of such films to lower fri rtion independer.: of

vlh-cosi fy properties ("'o lj iess") and Innrease the load of .Jamminr of surfacez

("dura•ili ty of') f it"). However, from the point of view of preventing of jamming,

chemicaLly off'fee(ive antiburr addi I toris are more effective: on the metal surfaces

they 'ot'm rompounris of lowered durability, easily destroyed during Frasping, of

su I ices.

Ari•:iy:/Irij. ti,: rlarctle.,r of damages to surfaces allows us to establilsh thai.

1.16.; r; ,l I,,n revime I mi.,s te their efficiericy. In investigalini., the charat.er of

r1 ,fl-a('¢ i1 ofl,'n po.n:t1le hit recofni ze the cause of their appearance and .o

1lid ren•',l:: iOf lheir remr,val ri .

'Tir. -V ,,i irV.-trr:; c .i'n :lirtarr froun olI tit.l rough 1, i n i-i ary opera! In ,,

I.- (.,mpl, ioly d'entroyed ass n result- of cau.lses d .lried at oirm.r.



plaia~tle flcw, *Jammltrw, contact fatigue, ct-rronlol~al chemical Influence and

Other clamag-ea, appcarinj. dur-Ing tincorrec.t treatment of details.

Of all the enumterate-d types, of' damages to friction surfaces only wear and

.jammning can aipp':r in r.-ondltions of Imperfect frl~ction, I.e., at semiliquid,

soritidry arid] I Ireshtold conditions. 11hene types of damage to surfaces are

Miaracteristic for he~avily loaded gear transmi ssiops, especially for hypoid

automobi I(- tray)ntm1'6sIonn, for slip bearings, w orking In conditions of poor

lubricant. or made of rnatecrlais with low anti frictioni qualities, arid also in

roller bearitips during unfavorable operating conditions, especially in the presence

Ot* prrnlfnyi nary dcfor-rmatio(n of' rollers.

Thie rippe.-tranice of fai.1lgue phenomena very iIAtlef dependr: on the lubricating

iatigur- jpaintlig of' surfaces cart appe ar durIng liquid conditions of

file ic lorp iintd(r Ih Iaff'eet. of hiydrodynamic pressure In the oil film and its

f -a rp lirni-,kd',wii ivp'n Irell.iIng, out; of t~he contact re-Ilort whiceh Is accompanied

byv over.-Orains~ of tho tnaf.nrizal of' slip or roller details [21, leading to contact

figeand paini Dit,'. ln aI,:;erce of lubricant during point- and linear contact

of suffacirts fatlrijo jpa~nI.Ing rarely appears only because this Is prevented by

Progres-Ave wear anid Tammint-, of surfaces, which are continuously renovated.

W,011.10 V~eca I nif-.1 'ln-' 1ht mont wido-sprc'id type of damagre to heavily loaded

-:irl"Ie:; -and I i1i Ilio effic~iency of' gear transmissions and roller bearings

1n:; 1'. 7Th- prop(r'rt.ie',s of' the. lubricanit cart affect t;he appearance enid development

of, fat ill'ue painf[711. TI. lo known that i~ncreasing the viscosity of the lubricant.

n~er' 1.1wr theimlltI ol' i-ontact fatigue of surfaces [31, lowering the coeffi ci enl

co' friction acfx8 In that. same direction, but the chemical action of active

t(Hijlr : vI 1.1 (-~ an load Vo .1owcn ng the limit of' cont~ac~t f'afl, ius PC5JI

cortwct.Iy ;ifd anhil'iiry additives should not evoke corrosion of metal

:-mrfac(i.- tiowuver, It' :-Ter'(Ially ctrone, antiburr properties arc required, It

1:-. niecesnarn to comprornlot and put. up with moderate corroding act ion of antihurr

Thurn,. we cannotCf expect that aritiburr additives will prevent all types of

(amige! to -.urnaccr. The Itaric ao..-;lgnrnent of antiburr and nniliwear addi tives

lubica~ngoilsn In I.o proecnt. jamming and lowe.r the profgressivp wear of

2. tif-,: nddlIt v(r.ý cart also affVec t. other type-s of darrixiien;, howvirev-r,



such cases their role is secondary and can be either positive or negative.

Let us consider the principles of selecting oil additives for specific

types of friction nodes.

As a rule, roller bearings do not need oils with antiburr additives.

Slipping between rollers under high contact loads is small, in consequence

of which the local contact temperatures are low. This explains the fact that

cases of Jamming in roller bearings are not wide-spread.

The most wide-spread type of damages in roller bearings is fatigue painting,

or pitting;. When the rollers accomplish only small oscilla4 ory movements

tho characteristic type of damage to surfaces is fretting"corrosion, or brinellini,.-

In connection with this when selecting oils for roller bearings one should

first of all be careful to ensure maximum contact durability of rollers, and for

oscillatory movement of bearings, prevent fretting corrosion. In the first

case It it" recommended to apply high-viscous oils, which according to available

information [3,4,1], increase the limit. of contact fatigue. In the second case

one should ensure abundant feed of oll to surfaces to remove abrasive oxidation

particles from the region of friction in good time.

When roller bearings have the same lubricating systems, as gear wheels

workin". In specially heavy conditions and requiring antiburr additives, we

munt .onnlser that, the latter affect pittinf! of balls in a dIfferent, manner.

Vronm stron, antiburr addiltves containnnln several active elements, oure rhould

;.rien.r expteel. a ii,•,r,.l.ve act.ion on .ontact fatigue of surfaces tharn a pos i lye

Tarlc- j gives the resullts of Fcott's experiments [i4 on the effect of'

addl lv.::: In a paraffin base oil on ball p1 tting. The tests were eondiritcd on

a l'okir-bal rnit'lclle, where the lower ballis freely roll In a cuip during r,,nt., 1lon

o'f uipper kii withI speed of 1O1,0 RPM. '[The load on the utpper ball was 600 k1w.

'11 ,;c- ,. o. i're I.ni.rl, curro. 1.on during small osen sllatory movemeni

h, , "I•,., pari.lr.< ol" metal wear are not removed from the re, ioti of friftlcn
no tia, tavyinl hr 1p,h'r hrtrdrie,:" thiar the Initial metal, act Fl ant abrai.0l.ve proelliwintr
I neln, hto I .:.



Table 1. The Effect of Additives and Fatigue-Painting of

Balls

Concentration Average time
Additive of additive before begin-

in oil ing of paint-
% ing, min

Without additive ..........- 41
Disbtylphosphite ........ 1 42

,, ,, 10 8
Tricresyl phosphate '. 1. 40

fil10 43
Elementary sulfur 0,4 58
Elementary sulfur + lead
naphthenate ............... 10 50
Chlorinated parrafin ...... 1 35

"fill 5 14
fil10 6

Graphite ................... i log09
Molybdenum disulfide ...... 79

From the table it is clear that phosphorous esters either affect fatigue

durability uf surfaces very little (tricresyl phosphate) as compared to pure

mineral oil, or even lower it (dibulylphosphite); the elementary sulfur additive

evidently increases contact durability somewhat, chlorinated paraffin lowers

it, and suc<h additives as graphite and molybdenum disulfide sharply increase

the time before the beginning of pitting.

We .2ust note that graphite and molybdenum disulfide simultaneously lower

fretting corrasion somewhat, but they are comparatively weak antiburr additives.

(Gear wheels most, frequently fail due to painting of the working surfaces

of teeth.

At specially high contact loads on teeth and sufficiently high relative

speeds of slip of the surfaces the efficiency of gear wheels is limited by

jamming of teeth surfaces. In this case it is necessary to add antiburr additives

to olhs.

Low rf'flciency is characteristic for worm tra~nsmissions, which taking

Into account. losses on friction in transmission supports is equal to 0.7-0.9

deperdilnt. upon the number of approaches of worm, angle of ascent of the screw

'..ie and other factors., Connected with this is the significant heat emLsion

diiriig) ope'ratton of worm transmissions and their Inclination to janm•ing as a

'The efficiency of geair transmissions is 0.96-0.99.

-7- r



result of disturbance of the oil film under the effect of friction temperature.

In an overwhelming majority of cases worm transmissions fail due to jamming

of the working surfaces of the worm pair (worm and worm wheel). This makes it

necessary to use antifriction material for worm wheels (most frequently bronze).

Light jamming appears in the form of the bronze smearing on surface of

steel worm.° During heavy jamming burrs appear on the working surfaces of worm

pair simultaneously accompanied by increase of coeffici'snt of friction in

engagement.

An increase in efficiency of worm transmission, i.e., lowering of losses

on friction, can be attained in two ways: i) by guaranteeing l1quid friction

due to more favorable kinematics and geometry of engagement or due to application

of high-viscous oil; and 2) by lowering the coefficient of friction as a reCult

of application of special antifriction additives to oils. Application of

antifri.cti.on, polar-active materials to oils for worm transmissions is also

expedient because during starting and stopping a mixed character of friction

is always present. To prevent wear and jamming of working surfaces It is

necessary to combine antifriction additions lowering friction with antiburr

"components in oils for worm transmissions.

* JSlip bearings most often fall as a result of wear and jamming of surfaces,

although correctly designed, well prepared and normally exploited bearings can

work for a very long time.

Wear of bearings appears mainly during starting and stopping of shaft,

when the friction regime Is the heaviest due to the hydrodynamic wedging effect

of the oil film being absent or very small then. Because of this, to lower

fr|l:tion in moments of snartlng and stopping, and also to create a good threshold

film It I:. recommended to add antlfriction and antiwear addltives to oils for

slip bearings.

Jamminng appears durirn overheatlng of bearings caused by intensive rrmatiora

of hea:t !)* frlctior! during operation. rn this case antiburr additives are

ir)cffvet1wv-. Overheating may be ellmirnated only by correct selection of oli

vini-oo1 Ly anr|d Increasing its flow through the bearing.

Tn, •,owitiono of threshold friction, at small speeds of relative slip of

slider al.-l, 11hc gi.ide. It is important to guarantee constant and low coefficient

-8-



of friction. The independence of coefficient of friction from speed removes

the possibility of appearance of undesirable relaxation oscillations (Jumps during

friction).

In these cases it is expedient to apply antifriction additives to oils

[6, 7]. Such additive, can simultaneously lower wear of guides at small slip

speeds of sliders.

Absolutely analogous conditions exist in lubricated friction clutches,

where it. is also necessary to guarantee a coefficient of friction that does

not change with speed. Here, as above, antifriction additives, stabilizing

friction are used [8].

1.2. Classification of Oil Additives to Improve
Conditions of Frictions, Their Requirementýand Areas of Application

Oil additives to improve conditions of friction can be divided into three

basic types according to their character: i) antifriction, 2) antiwear and

3) antihurr.

The basic requirements for these additives are the following.

Antifriction additives have to lower and stabilize the coefficient of

friction; antiwear additives should eliminate progressive wear of surfaces

during moderate and high loads; antiburr additives should increase load of Jamming

and soften the process of Jamming, decreasing surface damage and friction.

However, in a number of cases there should be specific requirements and,

furthermore, we should add to them a number of secondary ones, without observance

of which normal exploitation of oils with additions is impossible.

i. By preventing Jamming of surfaces, antiburr additives whose mechanism

of action consists of chemical reaction with the metal surface should not

Increase wear at. moderate loads as compared to wear on pure oil, i.e., should

not. be chemically aggressive. When the antiburr additive by itself cannot

ensure this condition, a special antiwear component, preventing progressive

wear of surfaces should be provided.

2. Additives should not evoke corrosion of steel and nonferrous alloys

at operational temperatures of oil and rusting of steel surfaces in conditions

of helphtened humidity. If., however, the additiie cannot ensure this condition,

-9-



a special anticorrosive component preventing aggressive action of the additive

should be added.

3. Additives have to possess stability of properties in operation in

accordance with their special purpose assignment, i.e., should not lose antiburr

ability, antiwear or antifriction properties as a result of reaction with metal

or any other transformations.

4. Additives have to be thermally stable in a given range of temperatures,

should not decompose and should not precipitate.

5. Additives have to be soluble in base oils and stable in solution during

storage. If the additive gives a colloidal solution in oil, it should not be

soluble in water, specially when due to operating conditions water can get into

the lubrication system.

6. Additives should not negatively affect any of the physicoehemical

properties of the base oil, should not worsen its thermal stability,

viscosity-temperature properties, should not lower the temperature of flash or

increase the temperature of thickening, etc.

7. It is desirable that the additive not have a sharp odor since this

will prevent its use in oils used in closed locations.

8. Additives should..not destroy lining materials (rubber, leather, etc.).

9. If additives that improve friction promote oil foaming or worsen its

demulsifying ability components preventing these phenomena should be provided

(antifoam or demulsifier).

20. The technology of producing additive should not be too complicated,

and the raw materials should be sufficiently accessible.

11. Antiburr additives to oils for hypoid automobile transmissions have

to ensure the work of' gear teeth surfaces without jamming on very different

regimes: lboth at high contact loads and low speeds and at high speeds and impact

load:n on -:ear teeth.

As additives to Lower shading and wear and prevent ja!ming the following

type:: o" .:,ompound•; are applied in pure form and in combination.:

1) Animal or vegetable fats and fatty acids;

.) Organic compound of sulfur:

t) orranic compourids containing, halides (mainly chlorine);
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4) Organic compound of phosphorus;

5) Organic compound of nitrogen;

6) Different compounds of metals (e.g., lead soaps, oxidized and sulfur

compounds of molybdenum, sulfur compounds of tungsten, organic compounds of zinc,

colloidal iron and others);

7) Compounds containing several active elements in one molecule (sulfur,

chlorine, phosphorus and others).

All these additives have the ability to simultaneously lower friction and

wear, and also to prevent jamming, but in different degrees depending on the

character of the compound and its concentration in the oil.

The first of six enumerated types of compounds lowers friction most and

prevents jamming least. Thus, an additive of this type, having high surface-

active properties, can practically be considered antifriction, but not antiburr.

At the dawn of development of technology animal and vegtable fats were

the first lubricating means. At present they are applied only as additives to

mineral oils for heavily loaded slip bearings and worm transmissions. They are

rejected as additions to oils for lubricant of cylinders of piston engines

(w.'tb the exception of steam engines), compressors and engines of internal

combustion inasmuch as they lower the resistance of oils to oxidation.

Antiwear additives are appliea in oils to lubricate mechanisms whose surfaces

do not carry high loads, but because on- unfavorable kinematic or temperature

conditlonT, due to poor lubricant or chemically aggressive influence of medium

are subjected to progressive e'eax. Bearings of semiliquid friction, pairs,

performing return - forward moveme.nts - pss.on groups of internal combustion

engines, operate in these conditions.

Antiburr additives of average activity are applied in oils to lubricate

heavily loaded industrial gear transmissions, where heightened wear is observed

and cases of jamming of gear teeth surfaces are met. Among such transmissions

are reductors and gear cages of mechanisms of rolling mills, automobile power

transmissions (with the exception of hypoid transmissions, for which strong

antiburr additives are needed), etc. In these cases sufficiently effective

one additives, constituting a compound with one active elements (sulfur or

chlorine).

-Ii-
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Of the three enumerated types of additives antiburr are used m6st; the

tasic region of their application is automobile transmission.

Antiburr additives werp first applied in the i920's in connection with the

use of hypoid transmissions on automobiles. The additives were selected purely F

empirically, and only in the last t'o decades have a number of works appeared

I. dedicated to the mechanism of action of antiburr additives and theoretical

I foundation of their application. Although hypoid transmissions have a large

j advantage from the point of view of simplicity of teeth and construction

possibilities, according to conditions of friction the work of teeth of such

gears is significantly complicated. The high contact pressures and slip speeds
cause intensiv..- eat emission, which for hydrodynamically unfavorable geometry
of teeth and relatively high actual (but not nominal) area of contact leads

to distrubance of the oil film and intensive development of the process of jaf..ning.

Therefore, exploitation of hypoid tiransmissions is impossible without application

of oils with strong antiburr additives.

4 The high effectiveness of strong antiburr additives is ensured by presence

of several active elements. This may be attained by application of a composition

of a number of compounds, each of which contains on'"- one active element, or one

,:VMpound with several active elements in "ts molecule. The effectiveness oi"

these additives depends, of course, on the Tharacter of the compounds; however,
s1lection of' components of strong, antiburr additives will be sucressful when a

composition of compounds contbaining different functional grroups supplementing

one another can thuzs be obtained.

Strong antiburr additions sholld not be applied at moderate conditions of

'r~t~lon, when ther< is no danger of appearance of jamming of surfaces, since,

beJng aggressive, they ran evoke heightened wcar and corrosion of metal. --or

* ":,tance, it i., not rfcomnmended to apply in automobile transmissions boxes

olis with strong antinurr additives Intended for hypoid transmissions.

Ti:.e first oils for gear transmissions uere hieh-viscous oil products,

cont&sinint an addi- ve 'f active sulfnr. In 1937, 90% all lubricants applived

in typotd transmissionz belongel to the flyp- of lead soaps with trtive sulfur.

Cu'i,, the Seco.nd World War ir. the United States and Enpland it be'-amf

,sary 'o ereatfý viiversal oils rilh additives, whic'h -,,uld be applied no'
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only in hypoJd transmissions of passenger automobiles, but also in tranemissions

of other types of self-propelled and other equipment. In connection with this

it was undertaken to develop additives of a new type in exchange for lead

naphthenate and sulphurized fat additives.

From 1940 f 91gn technicians began to Introduce chlorine compounds into

oils conlalninp. additive. of lead soaps and sulfur, these oils are applied even

1ill now mainly for hypoid transmissions of trucks.

It was f 'o* .d that additives consisting of organic, compounds of sulfur and

chlorine possess greater universality than additives containing lead soap.

Therefore up to 1045 (il with sulfochloro-containing additives were widely

appliod, but after i9•5, besides compounds of sulfur and chlorine, compounds of

phosphorus were introduced into antiburr additives r9].

The introduction of frictional mechanisms of block differentials lubricated

from one system with rears and having frictional disks made from materials

destroyed under the action of certain chemically active additives, and also

necessity of guaranteeing a constant coefficient of friction (independence of it

from speed and exclusion of Jumps during frici-ion) even more complicated the

question if selecting additives to oils for heavily loaded transmissions. In

connection with this, startinE from 1953 and up to 1960, in foreign lands work

was ccndu•ted to create a new type of additive to automobile transmission oils

IThc fruit. of' this work was GL-4 oil, as was assumed, universal for all

operat nc, conditions and f'or all forms of automobile and ot er self-propelled

equipment. Accordinr to the patent data the additives to this oil are

multico.'no-ne... They Include -n antiburr additive, (sulfur-and chlorine-

containinr compounds), an' twear component (zinc dialkyldlthiDhorphate acid

is also simulLaneously an anticorrosive and antifriction component 112,13,14).

,lependlng npun 'he Intensity of operating conditions of transrnis-.'ions the

concentration of addi.ives in the oil can change from 3 to 15%.

L ur give the results of appralsing the behavior of old and new types

of addi•ives in oil according to the methods of the United Slates at different

-13-
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High torque and Impact loads on teeth and high rpm
low rpm

"F T-x Lz. v, "-,,

S a5% Santopoivdd Buick-o10a
SR22 II)

t6e5% Santopoid 22 RI l) a h
, •mntopo4

10% Santopoid 22 RI 22[- RI

Lead so2s) and active sulfur bra

Fii. t. Reglone of regimes of satisfactory work of addi.tives
containing lead soap and active sulfur and addotives contain-
!rig a sulfur-ehlorine component gray-chlorte horse-hi and

a ina dsalkyldothiophosDh-te (Santopold 22 RI and accotopoid23 RI).

test reiflmes in near axles of automobiles (Fig. a ): n) atm high moment and 13.,

speeds (CRC L-20O and CRC L-37) and 2) at high speeds with sharp braking, provoklng

impact load on teeth of gears (CRC L-19 and CRC L-112) [10, 11).

The CRC L-20 method, fulfilling the s necifi:"ations of the US Department of

material supply of troops (MIL-L-2105) recently was replaced according to

specifications MIL-L,-0021O5A on Go-A oil by a new, more rigid method, rRr '=•

impact high-speed tests are calculated to evaluate the behavior of oils

In transmissions of light automobiles, for which a ride with sharp braking

in the ,' 1 y is eharacteristic. According to the o.d specifications MIL-L-PiUO

the CRC !.-P) method consisted of rolling and two impa,,:t high-speed cycles of

tests. At present for (,L-4 oil according to MIL-L-0O21O5A this method is rep~lced

by the more rigid eRC-L--'l2, which oonsists of three cycles. Even more rigid

Impact hig'h-spced tes:s are cor.znicted apcording to BuIcK-10A method.

-:u- '•.ssve triils at differen, conditions allow reveallrr 'he ,'fferr-nces
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in behavior of additives in oil depending upon test conditions in transmissions

of automobiles; this is illustrated by the data of Figure 1. The region of

satisfactory work of oil with additives of lead soaps and active sulfur is

limitec by the shaded band; oil with Santopoid 22 RI acts differently depending

upon concentration of the addition (see in Figure I the white bands with indication

of percent of additive in oil) [141. To the right in order of increasing rigidity

of tests are located the regimes of high-soeed tests, to the left in order of

increasing rigidity of regimes (from right to left) are represented the tests

at high torque and low speeds.

As can be seen from Figure 1, oil with additive of lead soaps and active

sulfur acts satisfactorily during regimes of impact high-speed tests characteristic

for ride of passenger automobiles in cities, and does not pass the tests at high

torque and low speeds. Oil with small concentration of Santopoid 22 RI additive

(5%ý) satisfactorily passes the CRC L-19 and CRC L-20 tests, i.e., corresponds to

the old specifications on oils MIL L-2105. At concentration of 6.5% the

additive also satisfies the more rigid. CRC L-37 method. Increasing the

concentration to 10% gives positive results of testing by the CBC L-42

impact hilgh-spced method, i.e., satisfies the new specifications of the US

Department of Material S;upply of Troops MIL L-002105A on automobile transmissional

oils. Fina•1y, for the oil to pass the test according to the Buick-iOA method,

it is necessary to bring the concent-ration of addition Santopoid 22 RI in oil to

In this the remaining aew additives also act: already in small concentration

they are ef.fetive durinfr work at high torque and low speed, corresponding to

the conditions of ride of trucks: but to guarantee the work of transmissions

at impact high-speed regimes of passenger automobiles a sufficienT.ly high

concentration of these additives is required in the oil.

In metallurgical machine building to lubricate roller gears and power

reductors of rolling mills, carrying high impact loads, usually oils with

addltlvez of lead soaps and svlphurized fats are applied. Lead soap, besides

good antiburr properties, possess high demilsifying ability, which Is very

important, since water frequently Pets into lubricat Ing systems of mechanisms

of rolllng mills, this water Is pased under high pressurc to knock the sinter
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from the rolled metal.

In recent years antiburr additions for turbine transmissions were also
-. I

developed.

Because turbine oils move to turbine mechanisms from a single circulatory

system of lubricant and simultaneously service power reductors and bearingt of

liquid friction with babbit filling, they have to possess heightened antiburr

properties and should not evoke corrosion of nonferrous alloys or wear of slip

bearings. This last condition is especially important, since an aggressive

action on the working surface can lead to increase of gaps in bearings and

distrubance of their hydrodynamic characteristics.

Hydrotransmissions united with toothed transmissions in diesel locomotives,

automobiles and the like, recently obtaining wide use, made it necessary to

develop oils with antiwear additives.

For such additives for this goal the most useful turned out to be bimetalic

salts of dialkyldithiophosphoric acids (salts of barium and zinc), since the

barium salts ensure the necessary washing properties, and zinc dialkyldithio-

phosphates possess the best antiwear properties and simultanecusly increase the

load of Jamming of surfaces.

In textile machine building antifriction additives are mainly applied to

spindle and machine oils. In such a way power consumption is lowered, which

to a significant degree determines the price of textile production. Recently

there have been attempts to increase the stability of spindle oils, in order

to increase the periods of continuous work of spindles. Stoppages of machines

during production of yarn to replace the oil -'J wash the step bearings of a

large quantity of spindle-, sufficiently increases the cost of production. Tr.

connecdion with this stabilizing and washing additives are now introduced into

spindle oils in combination with antifriction additives.

For ringsplnning machines it is important to lower th,' friability of thread,

* connected with jamming between ring and runner due to Insufficient antiburr and

ant.ifriction properties of lubricating materials or due to the presence of

* deposits on ring surfaces. Therefore the development of oils for these mechanisms

Sgoes towards selecting the appropriate additives and improving the stability

of oils.
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Gears of metal-cutttng machines do not carry high loads. Therefore, selecting

antiwear additives to oils for gear transmissions of machines is not necessary.

Development of oils for metal-cutting machines was conducted in direction of

selecting antifriction additives, ensuring smoothness of movement of supports or

face plates along the guides of machines [6].

Methods of testing oils with additives are illuminated in literature [7],

therefore in this book the author does not consider them.

1~
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TI. SELECTING OIL ADDITIVES TO IMPROVE CONDITIONS OF FRICTION

"/ I II. I. Cu!JTEMPORARY DIRECTION IN SELECTING ADDITIVES
TO IMPROVE, CONDITIONS OF FRICTION

A. Anlifriction Additives

"As was indicated above when friction surfaces are operating it is important

to: i) lower friction; 2) lower wear; and 3) prevent jamnming of surfaces.

These conditions are not a!2;ays directly interconnected, i.e., maximum

lowering of friction will not always be follcwed by minimum wear of surfaces

and, conversely, maximum lowering of wear is not necessarily accompanied by

minimum losses of power.

In whost cases it is most important to prevent damage to the surface,

however, there is also a need in selecting oil additives t-, stabilize lower
f-Iction. Such antifriction additives or additives improving oiliness are

ce-active materlals.

'; sp,!cja]ly high surface-active properties are possessed by fatty acids

adsorbed on the metal surface in carboxyl groups and capab.le of a light, shift

between !i•e facing radlials of neighboring molecules.

'T'hc atility of polar-active orgranic compounds with lon.t chains to lower

frict.1on was firrt Invesligated by Gardi, who found ihat with increase of the

hydrocnrl•on chain te'nfgth the coefficie:nt of 'riction dropc and that the lowest

ocu•-ftlcit is of frictionr drops and that the lowesT coefficie,1cs of frl.?tion are

obtained durinr lubr:a! Ion witth fatty acids, and tte lar.'esf during Iuirica, i-)n

-i



with paraffins.
*4

S• Good antifriction and additives are the natural fats
4 • of animal and vegetable origins, constituting esters of

glycerine and high-molecular fatty acids.

Other types of surface-active materials containingFig. 2. The effect

of antifriction carboxyl groups are resinous acids. Tall oil applied for
additives on
change of coeffi- production of additives improving the conditions of frictioncient of friction

(f) with slip is a mixture fatty and resinous acids and is a byproductspeed (v). A)

0.6% sulphurizedc
sperm oil; B) 5% sulfate cellulose production.
sulphurized sperm Finally, a third type of surface-active material
oil; C) 0.6% limit-
ing fatty acid with containing carboxyl group are the naphthenic acids; these
long chain; D) min-
eral oil without are monobasic acids containing alkylated cyclopentane rings.
additive.

The average esters of polybasic acids or polyatomic alcohols to a significant

degree lose their antifriction properties due to their molecules being adsorbed on

metal in a lying position [20]. In connection with this incomplete esters preserving

carboxyl or hydroxyl groups are more effective antifriction additives.

Among the antifriction additives of this type, used in foreign lands, is,

e.g., pentaerythritol monooleate.

Figure 2 gives the results of Sprag and Cunningham's experiments on the effect

of antifriction additives to mineral oil on change of coefficient friction with

speed [8]. This research was conducted to develop a fluid with special antifriction

characteristics preventing vibration during friction at the moment of starting disk

friction clutches.

Pure mineral oil gives a coefficient of friction strongly changing due to

slip speed (see Figure 2). As a result relaxation oscillations appear, i.e.,

jumps during friction at the moment of braking. A somewhat more sloping

characteristic is obtained with a 0.6% sulphurized sperm oil additive. The addition

of 5% sulphurized sperm oil and, to an even larger degree, 0.6% limiting fatty acid

with a lone. chain lowers the static coefficient of friction (see the start of

curves at i = 0) in comparison with the kinetic. Certain antifriction additives

in combination with antloxidants (for instance, with zinc dialkyldithiophosphate

lose their antifriction properties during friction in the presence of copper alloys.
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As can be seen from Figure 3, zinc

V dilkyldithiophosphate, which is an inhibitor of

>..CIO corrosion and oxidation, does not affect the coefficient

of friction of cork on steel lubricated by oil with

Fig. 3. Lowering the sulphurized sperm fat additive, but brings to zero
coefficient of fric- the antifriction effect of this additive during
"tion of cork and
plumbous bronze ontlumbous dpend pon friction of bronze on steel. This result is natural,.L+ steel depending upon
the additive applied inasmuch as in presence of such active metals as
to oil. Dotted line
-o coefficient ofilAc- copper alloys sulphurized sperm oil acts not so muchtion for mineral oil

. without additive;
isteel; [d icork; as an adsorptive, but as a chemisorbtive.

B additive of sul- Among the salts of fatty acids able to stabilizeChur additier ofisl;
phurized sperm oil; the coefficient of friction one should mention aluminum
AlQ additive of zink
dialkyldithiophos- stearate, contained, e.g., in [VNIINP-40i] (BHMHH-4O)
phate.

oil applied for removal of jumps during friction in guides of metal-cutting

machines [VNIINP: All-Union Scientific Research Institute for Processing Oil

and Gas and Production of Artificial Liquid 1uels]. Figures 4 and 5 give the

results of testing different oils in guides of metal-

cuttin(, machines [6]. VNIINP-401 oil with aluminum

stearate additive gives the lowest value of the

coefficient of static friction depending upon duration

jFig. 4. Dependence of surface contact (Fig. 4) and the most constant
of coefficient of
static friction of coefficient of friction depending upon slip speed (Fic. 5).
cast iron on casti iron on the duration At high specific loads on the surface polar-active
of motionless con-
tact during lubri- antifriction substances evoke heightened wear of surfaces
cation by d~fferent
oils. I) industrial due to dispersive action, i.e., the penetration of
oil 45;'2) Indus-
trial 41' + 3' olcic surface-act ive molecules in microscopic cracks, spreading
acid: 3) industrial
45 + JOY,, chloroparaf- under influence of internal pressure of the oil film
fin; 4j) V"IIINP- 4 01
oil. (Rebinder effect).

'NO.- explains the results obtained by Iarso and Perry [16], who InvesI -afed

the effe,:t of polar-act ive additlives to ZAE-1O oil on wear of frictiorn curfiec.

iTie test was co,,ducted on a 'our-ball machine (rpm of upner sphere (00,

const.an~t load on upper ,phere 7 k,. lemperature of oil 130 C) accordinr tc.

flhc foil win' meIn od.
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To preclude the effect of lubricants on flow of

spot wear in the first period of tests, on surface

-•-of balls a hole was produced under, lubrication by

the same SAE-i0 oil for 1, 5, 15, 30, 60 and 120

Fig. 5. Dependence of minutes. After each such period of processing pure
coefficient of friction
of ceast iron on cast. oil was poured out and the cup was filled with the
Iron on the slcp speed
during itbrication by test lubricant. Then the machine was operated until H

different oils. the coefficient friction became constant, for which
Conditional designa-
tions, see Fig. 4.

a 30-minute test was sufficient.

Figures 6 and 7 give the results of tests

4ft - - by this method. The pointers in Fig. 6 indicate

S - - increase of spot wear of the sphere in the test

ii __ oil after processing on SAE-iO oil for I minute.
~4W

- In the order of sequence from left to right the

I / experimental points for each curve correspond

2I vo' to a period of processing in SAE-i0 oil for 1, 5, 15,

4M 30, 60 and 120 min.

S--r~ur,, '.Vm -The curves give the dependence of coefficient

1* V 4• V • of friction on diameter of spot wear or on specific

wmoter o spt woar, M load on contact surface.
Fig. 6. The affect of These curves show that fatty acids (specially
polar-active materials
on friction and wear of
steel surfaces. 1) min- unsaturated) maximally lower friction, but stronly
eral oil SAE-10; 2) palmoil; 3) mineral oil SAE-1O increase surface wear, the investigated salts and

with i% oleic acid. esters of fatty acids increase friction and wear

as compared to pure mineral oil, with the exception of lead naphthenate,

which in general somewhat lowers friction.
Slecit~hin, a mixture of esters of fatty acids and phosphoric acid, also

lowers friction.

The dependence of the coefficient of friction on concentration of polar-

active substances at specific load of 1000 kg/'cm2 is shown in Fig. 8.

-21-
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D iameter of" spot wear,' M• Conoentrattcn of additive In mineral oil SAF-lr,%

Fir. 7. The effect of addi- Fig. 8. Dependence of coefficient
tives of fatty acids, esters of friction of steel on steel on
and soaps on friction sur- the concentration of fatty acid
face wear• 1) mineral oil additives in mineral oil. 1) a--
SAE-i0; 9) the same with 5% mercaptolanric acid; 2) stearic
olaet sodium oleate; 3) the acid; 3) laurie acid; 4) elaidic
Same with 5% methyl oleate; acid;751 heptene acid; 6) oletc
11) the sameý with 0.6% Lead acid; 71benzoyl nonylenic acid;
naphtnenate; 5) the same 8) fatty acids from castor oil,with 10% palmitin; • , the 9 undecenoic acid.

same with 1% soy Lecithin;
'7) the same with 4, elaldlc
aci,1; 8) the same with 5% B. Antiwear Additives
ste. ric acid; 9) the sai,,e
with 5% heptene acid;
10) ,he same with• " ., )],-,c in conditions of low loads, very low
ac ý."; 1) the saMe With

';':unrlectnolc acid; 12) the speeds and static friction the same polar
saame with 5% acids from
Cast,,,ric oil. substances possessing antifriction

1,-, ,. ti•., can -oro,- , zý_ au ilweazr adftit ves. How.eve~r, at hi- l oadc they, Conversely,

lnur%ýazt *.urfacQ wear, and unider the influence of temperature lose the ability

t,, ,' ads,,rbed on surfar(,s [")I].

1. Antiw,:,ar Additives Containin- Elements of' Group V

The, :;lrzonj,(,-;t antiv.-,,ir prooecrtles bei(onw t,) cerlain conpounds of phosphorus,

0i.. i,,o at (I ari imon~y, ,-rvt. ()I' pho.-rphoric and ph~osphorous acids. Their

-•'•za; -knd aid .. ýjnd• o, salts o)f acid esters have olbtained,( wide applicatio

• ji , V ,•: ',I"r t-l~~v: 1.,2]; 2 , 5 1 5 . As a rule, these compounds nave weak

.:,t :;i-rr prri-o!rt:-n, ,..e.,they ver-y Little or almost do not increase the load cof

,.,x•,. ,.•frit;.: ki:r!*-., is t_ •()m[pared Lo pure oils. At the same tivie those

, " a., ;; ,teij ar 1,,)• ,ri.; -.-rii-g-ar aolditlve--, but al~so lower the oxid:17atillfy

I if, wi. their r.):o i)~i.--e ;ve ness, and improve 11}elr wash-ing, propert ies.•
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Pressureke/ý2 A Among such compounds are tributyl,

Ulf triphenyl, tricresyl phosphates and other

S- -similar products. For instance, the known

40 "00, antiwear additive santolube-31 is a

41 phosphorous ester of alkylated phenol.

z C•-: Adding this additive to oil ,quantity

46w * ' u se *aw of 0.25-1%, besides improving antiwear

Fig. 9. Lowering surfaces wear properties, also improves the
under the effect of sulphurized
sperm oil and tricresyl phosphate thermooxidizing stability of oil [22].
additives in mineral oil. 1) mo-
tor oil SAE-20; 2) aviation oil
SAE-120; 3) SAE-20 with 1% sperm - In patent literature we encounter
oil; 4) the same with 1% tri- in practice as antiwear additives
cresyl phosphate.

compositions of phosphoric estezb and

fatty acids and their esters (including with fatty oils), ketones and compounds of

an unsaturated character [214].

Lecithin, which, as noted above, can serve as an antifriction additive,

also possesses good antiwear properties (Figs. 7 and 10). However, the application

of this product for this goal is very limited.

SimiLar compounds in combination with fatty acids in solution of vaseline

eol Iwere bnvestigated by Beeck and co-authors t2a] on a four-ball machine. Test

coxditioer : balls with copper covering, constant load on upper ball 2.2 kg, rpm

of upper ball 120.

It was found that a combination of additives - tricresyl phosphate,

trphlenyl ohosphate or triphenyl arcine with fatty acids, their esters and salts

in petroleum ol1 - gives especially significant effect of lowering wear as compared

to wear in pure oil. The authors explained this effect by joint "chemical

Po] ,i.hink'" action of phosphoric compounds and the wedging action of pular-active

materials, ensuring a "quacihydrodynamic" action of lubricant in conditions of

threshold friction.

iar o•, arid Perry investigated the influence of phosphoric compounds on

surface wear on a four-ball machine [16].

The dependence of wear of balls on load on upper ball is shown in Fig. 9.

From the (urves It Is clear that oil with 1% tricresyl phosphate substantially

lowers w,-ar a:s compared to pure mineral oils and as compared to cil containing

-23-
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--- --* ~-*- -~-- 1% sulp:-iurizedi spermt' fat, although the Iasi

-4j4 one also acts as an ant.wear additive.

I N The results of research on the effect

44 . of concentration of various esters and
'" • I7 acids on wear of balls under constant tc

load of 7 kg on the upper ball and at oil

Coneittoo ol 8,a•.'uv. in temperature of 130°C are shown in Fig. 10.
.SAi-?O ollji 1.1g. 10. Influence % oncentra- The test lasted 2 hours. Minimum wear was

tion of esters and aoids in SAE- again obtained for pkvsphor - containing
[20) oil on wear of balls unjer - i
small Jcad (7 kg) on the upper products- tricresyi phosphate,
ball (for oil without additive

Az = 0.7 Imm). 1) methy lIchlo- dillaurylphosphate and inatural lecitrin.
rot iereate; 2) dichlorstearic
r.cid; 3) dilauryidisulfyl; The optimum concentration of phosphoric
4•) free sulfur; 5) sulphurized
sp-rm ci]; 6) mercaptclaurlc esters is approximateiy 1% in mineral oil,'I.a;") dilauryl oho,,phate.:) ; syl ao,•ato; _) soy ,orresponding'.en viscosity to SAE-20 oil,

For lecithin tthe concentration in oil which

:! ,. :" ,•in!:n'a, w-it ic 1,CrO times lower.

ii Peal and colleairues [27] Investigated the antiwear properties of a

r c.. cr of esters of phosphoric and phosphinic acids. The authors report

ti.hee compounds sir,.u'• aneously posses- high antiburr properties. However,

-is olt phosphijre, and even mere so oxyphosphoric acids, are insufficiently

c.t Is, •i., .h., uceptiuo of more or less stable aromatic phospnines. Thus.

.adrier '24] indicptes the effectiveness of MUller's additive, - diphenyl

, t.." of pnenylphosphenic acid

COH? (OCOJI)B.

-ipplied during tne war as an antiwear additive to ciz_..

The rtsearch of pio:phor~c esters conducted by F. I. .ari•i,, Ye. C.

J i.,:],Va and others [28] was essentially dedicated to study their antilturr,
not

buL//F-ir an, I wear proper, les, and showed thIat the antlburr effectlivernes.

,, t ,uf phospl -,i(, pW:,splhotots and phosptiziii acids 's low. Phosphorus

• t,. . j lut, Fj "i r i :s t, I icrease thiy lo.d of jt±Lfi i.ii', 1,Ut doeS not

, ', • ., , d !" .., iri acids, !xvirfg i;yrirocarbor: radical,,,

,. : v., t pi,.o oruz;, are ;i -n fica:tJy more acl Ive than esters

"-. ' en! jhi, lh-lkoxy grro'lps , C .. , ssters of phosphorous acid. So trxe



H
length of the hydrocarbon chain of esters of alkyiphosphinic acids increases

their antiburr properties increase.

2. Sulpur-Containing Antiwear Alditives

Sulpur-containing organic compounds can simultaneously serve as antiwear

and anticorrosive additives to oils.

As Ya. M. Slobodin and others [29] established, esters of 0,0'-

dlethanoldisulfide and fatty acidz, depicted by the general formula

(where R is the alkl radical), have good antiwear and anticorrosion properties.

Synthesis of the product consists of three stages.

i. Synthesis of ethylene sulfide from ethylene oxide and thiourea:

CN~-C0gH,4AWNiE. -4 CH*gCN,+HNtCONOs

2. Synthesis mercaptoethyl ester from ethylene sulfide and fatty acid:

0

3. Oxidation of mercaptoethyl ester by atmospheric oxygen in presence

of traces of F+2:

The obtained product called [MDS] (MC), is an effective antiwear additive

and a weak antlburr one. To lower wear the additive is introduced into oil up

During sulfurization of fatty oils sulfur is joined in places of unsaturated

bonds, foring high-molecular compounds of the type

-25-
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These products pcssess gcod antiwear, antifriction and anticorrosion

properties and, in a number cf cases, stabilize oil against oxidation.

Since in bridges sulfur is sufficiently durably combined, compounds of

such type do not substantially affect antiburr properties of oils, even

when added to them in significant quantities.

Sulfurized terpenes and olefins have attained propagation as antiwear

additives [30].

2iulfurizea terpenes are multifunctional additives [v'ri viip 564-55]

(grIy MHyH564-55), which are simultareously antiwear and anticorrosion additives.
They are a brown liquid with molecular weight near 400, viscosity of 23-P5

-tntistokes at 100 C, witri sulfur content of about 30%.
During sulfurization of terpene a reaction between dipentene and elementary

E,1fur occurs, which, as is assumed 131], can pass ac'Zording to one of the

' -,'v ,ng diagramxs:

Gu D/, CU

( -

2 +45 ~ C~

[H'- YCHII CH, Hr4- H,

"u•p••urized 'Perper-.c" ar p, JAied in foreign lands as an antiwear co.nonleri

, -. i*and aI.'B z s a1r itihfib-or cf4 (orrosion ai, I oxidatlon; the.y are

AIr ii '• u : I :? f I '*p * " 'w•,.- i.'-me ":'taif add" -:d Iv 'Amoco Cherir.:al"

,,,, I., •,:v•n, "Aiv"o-'i't"I T'his ".d I iv. i - add d t, mt.,r *,i] n quant'lly

-2i

----------



"I;

Sulphurized olefin hydrocarbons utilized as antiwear additives have the

general formula

or

C~-CH,- sM,-CH--CH-jW-KJ•-

Patent literature describes sulfurization of unsaturated fatty acids

and their esters [32], and also olefin hydrocarbons and their polymers,

polyisobutylene, linear polymer of methylpentadiene, olefins with aromatic,

radical, stcyrol, stilbene, mono- and dephenylbutadiene [331.

Calaysts are used to obtain sulphurized olefin hydrocarbons with durably

combined sulfur: sulfide of alkali metals, aluminum chloride, oxide or

hydroxide of metals, amines or wonia [34]. Sulfurization is conduct by
!

elementary sulfur, carbon bisulfide, hydrogen sulfide and mercaptans [35].

In most cases mercaptans, 2-mercaptobenzothiazol and its derivatives, and I

also dithiocarbamates are applied as accelerators of sulfurization or

passivators, removing corrosion ability of the sulphurized product. [
Depending upon the durability of the sulfur bond and the length of the

molecule's hydrocarbon chain the additive may be slightly active, only U

lowering wear during moderate conditions of friction, or active, having high

antiburr properties.

Ethyl ethers of 0,0 -dialkylxanthogenate, "xantbols" synthesized by the

Shaumyan Lenigrad Oi Refinery [36] from Chlorex (,0 -dichloroethyl ether

and zanthogenale according to this diagram

2aO,(-S.+c-cH.-CH,-o-cH.-CH,-c1 ý-.,us+
+aOC-S-C-,-CK,-O-Cff.-CH,--S-CO- .

are weak ant.Iburr additives, but can hp applied to lower wear during

mL-dcrate coonditions of friction. They are added to oil in quarntity of about,

-27-
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Ce'4 1aln sulfurous compounds containing aromatic cycles also have antiwear

-properties. Such compounds in a number of cases have antioxidant and

anticorrosive propdrties to a greater degree than antiwear properties. For

instrnce, sulfurized alkylphenols, in which sulfur is combined with the

aromatic cycle, are more effective as inhibitors and less are effective as

antiwear agents in contrast to aromatic sulfides of the dibenzylsulfide, in

which the sulfur is in the alky! group and which possess the best antiwear

properties.

3. Sulfur-Phosphorus Containing Antiwear Additives

Thiophosphoric compo-inds, as a rule, are effective additives to oils

for lowering surface wear under moderate loads.

To obtain thlopho:.phorIc compounds having antiwear properties, most
frequently the reaction of phosphorus sulfide (basicalli P2 S5 ) with organic

compounds havirxy mobile hydrogen, and double bonds or containing oxygen is

used.

The reaction of P 2 S5 with products having mobile hydrogen

Among these compounds are alcohols, phenols, acids, and amines [37).

As a result of action of P2 S5 on alcohols and phenols

RO a

1PA6+40III.f2 Y +No~
so on

we obtain acid esters of dithiophosphoric acid. Analogous products are
j obtained by the reaction of' P5 with acids:

- +

Di ,,rtain cases a ,nixiure of alcohols or phenols with monobasic acids

I.; usQI. and o.e obtained acid esters correspond to the formula

Xco0 S

R~O 811

-26-
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Among the alcohols used to obtain esters of dithiophosphoric and

phonphorous acids various aliphatic, aromatic and alicyclic alcohols, alcohol-

esters ind glycols, but from and among the phenols, - phenol, alkiylated phenol,

napht' etc., and patented [26].

As a result of the action of P2 S5 on amines the following types of

compounds can be obtained, depending upon the conditions of the reaction and

the character of the amines [25].

a) For primary amines: diamidodithiophosphoric acids

4URN,+ P*4&*2(ANNhM) + HA

or neutral triamide

ORK, + PA =4 2 MNH)s PS + 3JfS;

b) For secondary amines: monoamidodithiophosphoric acids

23,NIE + PA%-. 3INPB (.Sn + 3J4PNa

or diamidodithiophosphoric acids

or (durinG prolonged heating) triamide

2RH + Fr%-. 2 (•NH PS + 06N + 3*S8

Acid esters cannot be used as oil additives since they are unstable

and easily oxidize in presence of air and hydrolyze under the effect of

moisture. Therefore their derivitives are applied; the methods of obtaining

them are given below [38].

1. Neutralization of acid esters by organic bases. Such diesters of

dithiophosphoric acids are sometimeE used as inhibitors of oxidation or

corrosion, but they are also effective as antiwear components to strong antiburr

additives, since they lower surface wear at low loads; among such compounds

are the additives X'NIINP-353 and [L2-30] (23-30) obtained by reactions of
a]kylphenids with phosphorus pentasulfide.
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with phosphorus pentasulfide.

2. Oxidation of acid esters of dithiophosphoric acid in disulfides

(10),•P--S-P-(O1)

3. Transformation of' esters of dithiophosphoric acid into salts by

reaction with metallic bases or with metallic oxides, e.g.,

+K~i~P +31S0

or
30 8 10 a 8 on

2 P +h0" -+ P +Zo

10 / 3 \10 o S-hR-S /\OR

The latter, i.e., dialkyl or diarilditiofosfaty diarylditheophosphate

of zink or barium, have obtained application as inhibitors of corrosion and

oxidation, washing and antiwear additives to motoral oils; the additives [DF-I]
(A-1), DF-I VNIINP-354, [V-50•] (B-501), LZ-317, and others are of this type..

Now it is known that zink diatkyldithiophosphates are also very effective

antiwear additives to oils for automobile hypoid transmissions. These compounds

arc added to the basic antiburr component of the additive [39]. Lowering

surface wear al. modera.e and high loads, zinc dithiophosphates also increase

load of Jamming, of surfaces and are activators of the antiburr components.

The, mos' favorable zink dialkyldithiophosphate with 4 to ý carbon atoms in

the alkyl radicals, namely dialkyldithiophosphate, is obtained from mrxture

of ' -C ), alcohols [40].

11. i~y the reaction of alkaline salts (RO) 2 PSSK with halogen derivatives

Rcl, (po)2;'sci, PC15, or PCI dialkyldithiopnosphates such as (R1) 2 PSSR,

I ( P(R)rPSS 5Pnd others are obtained [25].(RO2•'-::ISRC'2, (IRO)2P..,qj3 P, [(I andobaind 25

T. l. Afanas'yev and others [42] used the reaction of alkaline salts of

•ar-.yldi-hiophosphoric acids with dichlorethane or with benzy! chloride

to ob'ain effective antAwear additives, constituting esters of

dia[kyldi't iopto:;pberic acids. For instance,
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1O S

RO \Sf+t•a
to S 2 OR

.4\10 BF + ag1

or

1O a so R\ P AO + W M ,,. \ / ' + M C
.o/ \W,. ,o/ \,XA

Thus antiwear additive LZ-306 was obtained, a benzyl ester of

dibutyldithiofphosphoric acid.

The reaction of P2 S5 with unsaturated hydrocarbons [41]

Patent literature mentions obtaining additives which lower wear by means

of the reaction of F2 S5 with such unsaturated compounds as turpentine,

polymers of cyclodiene, copolymers of isobutylene and styrene, diapentene,

olefins of cracking, olefins with long chains, different polymers of olefins,

acetylene hydrocarbons, [25].

The unsaturated products react with phosphorus sulfide exothermically

forming acid organic compounds containing sulfur and phosphorus [43].

According to Fey [43] the reaction of cyclohexene with P2S5 flows in

the following manner:

j]+\P \,/ .

The phosphorus atom joins not at the double bond, but replaces hydrogen

at. the carbon atom netghboring it. A crystal product, A2-cyclohexene of

dithiophosphoric acid, is obtained.

D•rinj, the reaction of P .S5 with terpenes very little hydrogen sulfide

-31-

ai
_________



is given off and, as showed research, two or three double bonds react from

i molar phosphorus sulfide. Although the chemical composition of the reaction

products has not been investigated, from their physical state 'viscous or

amorphous solid matters) it is possible to astume that they contain polymers

with repeating C-S-P and C-P-S bonds, poorly soluble in mineral oils.

According to A. M. Ravlkovicei and I. V. Ladyzhenskaya [44] the reaction passes

better in the presence of aluminum chloride, which allows lowering the

formation of high-polymer insoluble substances. In this case sulfuric acid

can also be applied as a catalyst.

However, the solubility of these products in oil is nevertheless

insufficient.

In the United States as antiwear additives salts obtained by neutralizing

the reaction products of terpenes with phosphorus pentasulfide by metallic

bases are patented [4 5 ].

The reaction of P 2S5 with oxygen-containing products (461

Among oxygen-containing products the most commonly used are high-molecular

esters (natural or synthetic), ketones and aldehydes, oxidized paraffins,

eLc.

The reaction of high-molecular esters of fatty acids, e.g., lard, sperm

oil, cetyl palmitate, wool fat, etc., with phosphorus pentasulfide leads

io the formation of surface-active phosphorus and sulfur-containing substances

of more or less acid character depending upon the conditions of the reaction

and the initial products. As the reaction temperature increases acidity, and

also phosphorus and sulfur content in the final products are lowered due to

* Ihydrogen sulfide being given off and loss of phosphorus oxide in deposit, [471.

Such products simultaneously possess antiwear and antifriction properties

and are valuable additives to oils for worm transmissions.

There is a joviet additive of this type, [EZ-2] (33-2), constituting

dehydroi-enated castor oil, treated with P2 S5 . It is added in quantity of 5% in oil,

(GOST i5875-54), applied for worm transmissions of rear axles of trolley busses.

Phosphorus and sulfur-containing compounds may also be obtained by means

of the raction of PC1 3 , POCI 3 and PSCl3 with alco Is and mercaptans.
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During the reaction of phosphorus trichloride -.nd oxychloride with

alcohols the correspond ng phosphites and phosphates are obtained, which,

as noted above, in certain cases are satisfactory antiwear and anticorrosion

additions to oils.

By the interaction of phosphorus thiochloride with alcohols, phenols

and mercaptans esters of thiophosphoric acid are obtained, and the reaction

of phosphorus trichloride with mercaptans produces thiophosphites.

The research of P. T. Sanin, Ye. S. Shepleva and others [28] showed that

in lowering wear during friction in conditions of moderate loads in presence

of oils with additives of thiophosphoric and thiophosphorous acid esters

the decisive role belongs not to sulfur, but to phosphorus. Also, the presence

of sulfur in the molecule gives an antiburr effect, causing lowering of wear

and friction in the process of jamming. The most effective additives are

the lower trialkyltrithiophosphites, containing from 3 to 5 carbon atoms in

their molecule. However such low-molecular compounds are poorly soluble

in petroleum oils.

C. Antiburr Additives

Ant iburr additions intended to guarantee the work of friction surfaces

without, jamming or to soften the process of jamming, as a rule, do not lower

wear at moderate loads as compared to wear of metal on pure oil. Conversely,

due to the corrosional-chemical nature of their action on metal wear cf friction

surfaces at moderate loads can even be increased.

In connection with this to guarantee the antiwear properties of oi.s

at moderate loads antiburr additives were recently applied in cnMbinatin

with the antiwear component.

I. Sulfur-Containing Antiburr Additives

Am(ng the sulfur-containing artiburr additives are sulphurized mineral

oils, containing partially free or colloidal sulfur, sulphurized fats

(e.g., sulphurlzed sperm oil), sulphurized olefi' hydrocarbons (e.g.,

sulphuri•ed cracking-distillates, containing hydrocarbons with ethylene bonds);
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sulphurized terpenes, xanthates, xanthogenates and thiocarbonates, alkyl and

aryldisulfide and polysulfide.

Some of these compounds possessing moderate antiburr properties are

simultaneously being inhibitors of corrosion and antiwear additives, are described

above.

The simplest sulfur-containing antiburr additives of known structure

are disulfides and polysulfides.

In combination with the chlorine component in foreign lands dibenzyldisulfide

is widely used. With the chlorine component lacking in the concentration

ensuring sufficient antiburr properties, this additive is poorly soluble in

oils (4-5%).

Antiburr additives, constituting alkylated cyclical compounds with iateral

chains containing sulfur in the form of mercaptan, sulfide, polysulfide,

thiocyanate, thiodetone, thioaldehyde, thiocarboxyl and thio-ether groups

are also patented [48].

Polysulfides which are active antiburr additions can be synthesized

from halide alkyls and polysuifides of alkaline metals [49]:

aNO+ N%% z4 M + uMOM

Alkylxanthogenates of alkaline metals are widely applied as flotation

agents at. ore concentration of nonferrous metals due to their high affinity

to metals, thanks to which they also possess high antiburr properties.

However, they cannot be applied as antiburr additives, since they are not

dissolved In oils and are aggressive with respect to metal.

The compounds obtained from alkylxanthogenates of metals with the general

formula

SS S

ROC-s-(C11,.-s-COR

(where n 0 0) easily soluble in oils and not provoking corrosion of metal,

allowed creating effective antiburr additives to oils r24, 50].

'The Interaction of po'.assiam (or sodium) alkylxanthogenate with sulfur

mo-ochlorlde

- *A -- ____4 -



2ao<S#+ sr o-sssso + •,c

produces compounds [24, 42] with high antiburr properties, soluble in oil

and applied during the Second World War in Germany under the name Mezulfol-I: "

C*RuOC---S--S--COC Hu

However, this additive turned out to be too aggressive; therefore, it

was replaced by Mezulfol-II:

Cs.,uOC_--S-CHR---COCiffus | °

A French patent [50] suggests using an analogous type compound with a

free carboxyl group as an additive. This product is simultaneously an antiburr

and anticorrosion additive to oils and in contrast to many sulfur-containing

additives does not increase the inclination of oil to form an emulsion with

water. This substance is obtained by interaction of sodium xanthogenate

sodium monochloracetate and hydrogen chloride by tne following diagram:

ROC-SNa + CICHCOONa5+ROC-S-CH,COONa + Nmc.£ 3
S S

ROC-S-Cff,-COONt H -C-+ ROC--S--CfMOH -+ NMac
I I
s 8

where R is the C4 - C20 alkyl.

In recent years the Khyul'z factories patented a new product of this

type, - diethyldiglycoixanthate [24].

nH3OC'('A-C -S5-8 -C OCR0COC.H.~rf

The Soviet additives LZ-6/9 (ethylene dibutylxanthate), LZ-24 (ethylene

diethylxanthate), LZ-23 (ethylene dilsopropylxanthate) and LZ-19 (ethylene

diisoamylxanthate) can be liquid or crystal. The latter are individual compounds,

are not having so sharp an odor as the liquid products,

-35-
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4 Below are descr'"ed the .ionpecutive Gtages of the cyntthesis of ethylene

dialkylxanrtnates [42];

obtaining potassium (or sodium) allzylxanthogenate by the reaction of

alcohol, carbon bisulfide and caustic alkali

tion +CBS+ KOH-. .OC-sK +Hoo.,

interaction of potassium alkylxanthogenate with dichlorenthane to obtain

ethylene dialkylxanthate

ZOC--K+ C1-C,--CHj,-Q--I
..i 3OC -s -cH,-,-s..8- .cou + macI I

I ~ Disulfides and xanthogenic compounds not only give oil hign antiburr

propertie' but also act as inhibitors of ozidation. In this respect

tetra.meLhylthinvam disulfide (Thiuram R)

CB, CB,
\f--S--$-CR/

which, however, has limited solubility in mineral oIl.

Figures ii and 12 give graphs of the dependence of ball wear spots on

load when testing oj'.s with sulfur-'ontaining additives on a four-ball machine

per (O0T 9490-60. The curves are constructed on a logarithmic grid.

I ,A iw ear aeditves (Fig. 11): Diphenoldisulfide (2); NIDS, described on

page 4;1 (3), sulphurized octol, constituling sulphurized copolyners of

amylenes and butylene (Is), and, finally, xanthols, amylxanthci LZ-20 (6) and

buty>.antL',) LZ-PI (5), increase t l, load of Jamming littl., as compared to tihe

pure bai, oil, [TP 4.-V5] (TC-I4.5) (1). At the approach of jamming of surfazes

a great .;umo of ball wear spots is observed, which indicates tne ineffectiveness

"of these auditivrs as antlbui-r additives.

In wig 12 the resulftc of tests on TS-14.5 oil with additives of

xat•bhogenates, disulfide- and sulphrrized terpenes are comparf 1 with antiburr

propertics of o:' for nypoid automobile transmissions (GOST 400"-53). constituti-rn

4 .--16-
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Fi3. Ii. Results of tests on

TS- 1 4.5 oil with sulfur-eon-taining antiwear additives
(10% in oil).

Antiburr
Froperties

Curve Acditive OPl PK, PC,
kg kg

I Without additive; ........ 89 126

D-±phenoldi&ulf1de;* ...... 79 200
3 ;MS; ..... I................ 48 89 282
4 Sulphurized Octol; ..... 48 89 282
5 •-1 ............. 6? 126 316
6 LZ :................... 64 126 355

,Conitent '-n oil, 5F(

sulphu.rired extra,2tz ottained dueing .nitrobetizene purification of oils, containing
I.;)% sulfur. This oil eausen high load of traisition to jamming (first break

of curve), but lcw luad of welding -f balls (end of curve).

[BEXK] (DEI, bisethylxanthogenate (C2 H OCS - S - S - CSOCIP.) effectively

increases the antibhrr properties of oil, but evokes c-rrosion and heightened

wear at loads lower than the load of jamming (6).

For ethylene alkylxanthates "additivee LZ-6/9, LZ-i9 and LZ-23) high

load of transition to jamming (7, 8 and 9) and also absence of aggressiveness

with respect to metal are, as a rule. characteristic.

"lalphurized terpenes yield in an'.iburr properties to all the remaining

additives; the test results are shown in Fig. 12. Hoiever, sulfurized terpenes

also possess antlcorrosion properties and the ability to inhibit oxidation

of oils.

S. .... ....
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wit .! "-lu-onenn artib,-,r addiive

4I,,- ' -. li

(5%i--n 1 .,
- ,L__ -"!-- -- .. -

t.. .''- ... L .. .. L h . A L

Fig, 12. R6sults of tests on TK-14.5 oil
with. sulfur-conttining antiburr additives
(5% in ooil.

Properties
Curve Addi t ve ,~ -

OPI c,,
kg kg

I W•thout addi t~ve; .......... 36 89 126
2 }[ypoid oil "suiphurized); 435 112 398
3 Sulphurized terpenes;,... 51 100 224
4 Dibenzyildlsulfide- ...... 77 89 631
5 Thiuram E; .............. 80 100 316.6 BEN. . .................... 83 112 774
7 LZ-6/9; ................. 81 126 501
3 LZ-'9; .................. 76 12 447
9 IZ-23 .................... 72.5 100 1 447

As a result of the reaction of sulfur with olefins at temperatures

from 10O to 300C heterociclic compounds can be obtained containing 3 sulfur

atoms in the molef uCe:

ii

wfl're R --. ,li can 1,c .- drýWen, alkylz or aryis.

Urndci. . e ro.- name of "trithionn" such products have a series of

. '!)nrtie" in,:1udini, the ability to incre-ase q t"),urr and ancicorrosion

pr,.t-r(,v: (.f" irln- raj ()i.,. anc' their resistance to ,.xi6atjorn [51].

,rnm ,iki,,a-rati ,,:, of cy,-le the Vncreric na•s-* ' i ,onprournd i,;
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1.2-dlthio-4-cyc]opentene-3-thion and, in particular, if R and R are methyl

radicals

the name is 4.5-dimethyl-i.2-dithio-4-cyclopentene-3-thion.

The reaction of trithionization consists of connecting three atoms of

sulfur with H-S given off. Olefins containing allyl and propenyl groups more

or less easily enter into this reaction

wee-CH-aC-bCet or Ri-cH,---CH,.

where R and R2 can be the most diverse substitutes. Olefins with two substitutes

at one carton atom with a double bond = CH - do not give trithions.

Among trithions the most expressed antiburr properties evidently belong

to L.%.-'-irnethyl-3-thion, isobutylene trithions, and, finally, trithion

a-pinenri, having the formula

Under the direct influence of sulfur on olefinr the yield of trithions
is vory :al1 (4'rnm 1 to 10%), esp(ocially in the case of a)phatic olefins.

A hi lwr;ield iH oblncvied durint, nlmultaneous influence of' S and P 2 S on

oiPl-Ins, -i:nlyinso a:.; a ooivi'nt and (oonducting reaction under pressure

4



[52, 53, 54].

2. Chlorine-Containing Antiburr Additives

Organic compounds of chlorine are active antiburr additives to oils:

They increase payload capacity of friction pairs and soften the process of

Jamming. However, at moderate loads chlorine-containing compounds do not

improve the conditions of friction and they increase surface wear faster.

In antiburr properties chlorine derivitives, as a rule, yield to sulfur-

containing additives, which are significantly more effective in preventing

damage to surfaces during Jamming.

The lower chlorinated hydrocarbons, such as carton tetrachlorlde,

trichloroethylene, hexachlorethane, tetrachlorethane and chlorinated butadiene,

are very active antiburr additives; however, their great volatility, sharp

narcotic odor anld toxicity prevent wide use of these comnpounds Por this goal.

Nevertheless, in separate cases carbon tetrachloride, hexachlorethane

(entering, e.g., as component in Soviet antiburr additive ZE-5) and

hexachlorbutadiene (tripene) giving fire resistance to hydroliquids, are used

as antiburr additives [55].

Chlorinated paraffin, containing from 30 to 50% ciorine, is widely

useqd in foreign lands as an antiburr additive, in spite of its serious inherent

deficiencies. It is known that these compounds can separate free HCI during

heating and when water gets in them.
Chlorinated paraffins are produced in foreign lands u.nder various names:

alpha-chlorgne-33 (ad.ditive of "Carlisle" with chlorine content of 33%),

ehlorafin-40 (chlorinated paraffins wish chlorine conten't o' 40%), anglamoi-4-0

(by the firm, "Lubrizol"', tsereklor-42 (firm "IS'), anglamoi-50 (paraffins

wit). content 5O3Q chlorine and more), cerechlor-P50, P-60 and P-70. These

prol'-:ts a.e also applied as aaditives to lubricating-liquid cocants during

Irzt.-lmer of m,-'als by cutl.ing.

We alzo pr'.'ico chlorinated paraffin with chlorine content of about 4
conznit utm,,;- o prodi.c, rom jellow to brown, with high viscosity and no odor

durinr rood r- ,val of free chlorine. As an antiburr additive chlorinated

ra':'i', with r'!.orin, conten'. of 443A was offered for oils for lubrical ir.a
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1gears of maJn transmisstons of automobiles under name of add' tv- NIMI-T-IVe.

To prevent the possible corrosion under the aetion of -171 chlorinatte

paraffins are applied in combination w'-h auiLicorrosive addltiv-s of 'he type

of am•nes, phenolates, sulfonates and others, Thus, ftrnj., oi-40 contian •n

anticorrosive component - hydruxypropylphenal [56], and addition VNIINP-402,

besides the basic component - conmmercial chlorinated paraffin contRine &n

inhibitor of corrosion - baru•m salt or the condensation product of alkylphenal

with formaldehyde (additive VNIINP-371).

As a rule, the inhibitors of corrosion in this case somewhat lower the

antiburr properties of the chlorine additives. In this respect sulfonates

act especially negatively.

Inhibitors of the type VNIINP-371 and zinc dithiophosphates in this

resnpct are an exceptJon and do not iov.er the antiburr properties of chlorine-

containin, addiltives.

As an antiburr addltive to mineral and ester oils polyvinyl chloride of

low degree of polymerization is offered (molecular weight from 300 to 500),

e.g. polyvinyl chloride with molecular weight of 310, containing 56.5% C1 [57].

Among ester oils an effective antiburr additis is ester a, a , 1,1 -

tetrachloradipine or tetrachlorosebacic acids, and also pentachlorobutyric

acid or its esters CCI3CHCICHCCOOR (R is equal to H, CH3 or C2 H5 ) [59].

The effectiveness of chlorinated aliphatic hydrocarbons as antiburr

additives; is nigher than chlorinated aromatic compounds [59], such as

polychlorodiphenyl (e.g., chlorinated biphenyl, a mixture of tetra and

pentachlorodiphenyl), chlorinated benzene, chlorinated napthalene, chlorinated
phenol and others. Completely chlorine-substituted, five-member, unsaturated

acyclic compounds, such ao hexachlorocyclopentadiene or octchiorocyclopentene,

significantly surpass in antiburr properties chlorinated aliph!atic compounds,

chloroparaffin and hexachlorethane, but alkylated aromatic compounds, containing
chlorine not only In the ring but also in the chain, are equivalent to

chlorinated aliphatic hydrocarbons at identical chlorine content in the molecule.

This is Illustrated in Fig. 13 whic-h gi ves the antiburr property of Ts-4. .5

0il with different chlortne-containinf- additives according to tests on a £.:r-

ball machine (per GOST 0490-60).
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F-L,. _3. Antiburr properties of
'TS-14..5 oiu with Chlorine-containing
additives (5% in oil).

Antiburr
Properties

Curve Additive Propertie
OPI P K, P c,

kg kg

I VD-2; ..................... 61 79 398S2 Octachlorocyclopentene;. 85 100 708
3 Hexachlorethane; ........ 60 100 355
4 Chlorinated biphenjl:... 41 89 224
5 'ChloroparaffIn; ......... 58 100 316

As a resout of condensation of hexachlorocyclopentadlere and mnillic

antydride with suibsequent esterification by alcohol the ester of chlorendic

acid Ir obtained,

*1dcl CH-CO acCH-CO

oCOOR
++'COO

whey.. R Is an ahyi. lwith from A to 8 carbon atoms [60].

ý.T,mc v.ry effecti.,ve antiburr agents are aromatic hydrocarbons, containing.

D'ecides c- iuritte, also oxygen or nritro group, in their cycle, for instance

(+' ilr.i r•'nheno! and ch toron' Lroberiene, chlorinated amnines and salts of
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amines [61].

As antiburr additives are offered also chlorinated oil products, not

being individual compounds, but constituting a mixture of different chlorine

derivatives, e.g., chlorinated mineral oils, chlorinated extracts from selective

purification of oils, chlorinated napthalene and coke squeezing (e.g., additive

[AZNII-9j (asiimm-9) containing 35-45% chlorine), chlorinated kerosene and kerosene

fractions [62].

However, the application of these cheap and very accessible products Is

hampered due to their corrosional aggressiveness, due to which the

selection of specially effective anticorrosive additives is required.

Futhermore, the uncertainty of chemical composition of initial raw material

leads to Inconstancy in the properties of different batches of the product.

I, has beer, established that not only chlorine, which is the most wide-

spread component of antiburr additives, but also all the remaining halides,

being introduced into lubricating oils, give them the ability to improve the
i ~conditions of friction and prevent ,Jamming of surfaces [63].

The research on compounds of chlorine, bromine and iodine as additives

to lubricating oils, conducted Davey [63], showed that the best antiburr

properties belong to compounds of bromine. However, practical application

of bromide compounds es additives to lubricating oils is limited by their

h•lih cost and toxicity.

Iodine compounds are the weakest antiburr agents and are not of practical

value.

D. MuLtifunctional Antiburr and Antiwear
Additiv.- Containing Several Ac-T7ve Elements

The most effectivem and therefore and the most wide-spread antiburr
addi ires, to oils, for heavily loaded F.ear transmissions are substances containing

;ewera] acl ive elements. Are the most effective in antiburr properties and

-t th(,, same time the most aggressive are compounds simultaneously containing

sulfur arid chlorine, and lease effective in antiburr properties are additives

containing: sulfur and phosphorus. The latter, as was shown above basically

po:;sess antiwear and anticorrosien properties.
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To imprure the other operational properties of oils, as a rule besides

antiburr additives inhibitors of corrosion, rusting, oxidation and so forth

are added.

The first sulfochlorine-containing antiburr additives, appearing during
Second World War, were combinations of dibenzylsulfide (30%) and chlorinated

paraffin (70%). Such was the composition of Santopoid, added in quantity of

i0% to oils for hypold automobile transmissions. Subsequently during synthesis

of additives other products were used; chlorinated naphtha in combination

with thiocarbonate or alkylthiocyanate.

In the commercial assortment of Soviet additives there is a two-component,

sulfur-chlorine additive EZ-5, consisting of sulphurized terpene (3.5%) and

hexachlorenthane (1.5%) and possessing comparatively high antiburr properties.

AL I 1 0, .

11 2

1 1 - -

Axial ba.d Ps.
Fig. 14. Antiburr properties of
TC-14.5 oil with additives consis-
tlngý of compositions of sulfur-
containing and chlorine-containing
co.vmpounlds. Test on four-ball ma-
chite.

Additive Antiburr
Properties

Curve ________

in OPI PK, c,
Designation oil kg kg

I Chloroparaffin +
Dibenzyldisulfide 7
(type fantopoid A) 3 96 100 794

P Sulfurized Terpenes
+ }Iexacblorenthane .5
(Additive EZ-5) 1.5 75 100 398

.igur,- 14 1ivcs tix- antiburr propertles of two sulfochtorine-containing

• additives -ceordini, "o the resu]lts of tests on a four-ball machine. Addition

iV .. , a,!d C9  I ('1, and the additive based on Santopoid A contains
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1 .8% .1 and 28% CII. The more stable bond of sulfur and the smaller chlorine

eunIton t In addition 17Z-5 are the cause of its somewhat decreased activity

an 'omparec to the addition of type of Santopoid.

Amolig the sulfochlorine additives released for heavy-loaded gear

Iratnotwin.ionn are a number of the additives represented in Table 2.

"uluIfuchiorlne-containing antiburr additives can be obtained: i) synthesis

of compolimds containing sulfur and chlorine in one molecule; and 2) introduction

of' spearate sulfur- and chlorine-containing components of the additive to oil.

The following routes of synthesis of sulfochlorine-containing compounds

are possible:

1) Reaction of sulfur-chloride and monochloride with compounds, having

double ethylene bonds;

2; Reaction of halogenated nydrocarbons with organic sulfide or with

sulfide of alkali metals and zanthogenates;

3) Chlorirntion of sulfur-containing organic compounds;

4) Sulf-iri:ation of chlorine-containing organic compounds

Products obtained yb reaction of sulfur
chlorine with compounds having doublie bonds

This way of obtaining sulfochlorine-containing additives is the simplest;

for synthesis it is possible to use various products.

Ethylene reacts with sulfur monochloride with the formation of 1 - ji
dichlorethylsulfide (yperite);

2,-,CH,+ sV4,.,4 ,C-cHs), s + S

In tilis reaction along with sulfides are formed polysulfides (ClCH 2CH) 2 Sn;

lowering the reaction temperature promotes an increase in the quantity of

polysulfides.

Patent literature mentions additives obtaineed by reaction of sulfur

chloride with olefins, polymers of olefins, unsalurated fatty acids and their

est ers f,5].

Among the additives released by foreign firms by the above described

method, are ,Amchor, prepared by "Anchor Chemical" and constituting fatty oils
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treated with sulfur chloride and recommended for application in oils for heavily

loaded gear transmissions and treatment if metals, and also addition of firms

Works" (obtained by treating lard and sperm oil with sulfur chloride).

The Soviet additive OT-i, is obtained by treating a grade two turpentine

with su]),ur monochloride and contains 18-22% sulfur and 3-4% chlorine.

By treating terpenes with sulfur chloride and monochlorlde a sulphochlorinated

basis of certain multicomponent additives of Swntopoid is obtained by the firm

"Monsanto".

In patent literature [65] are meet methods of synthesizing sulfur-containing

aromatic compounds by reaction of sulfur monochloride with cyclical hydrocarbons,

and also additives obtained by treating polyisobutylene, alkyleneoxides and

glycc's with sulfur chloride.

Products obtained by reaction of chlorine-containing compounds
with sulfides o1 elkaline metals, xanthogenates and organic sulfides

By treating chlorine-containing aliphatic compounds with sulfides of

alkaline metals, as was shown previously, sulfur-containing derivatives of

aliphatic hydrocarbons car. be obtained by means of substituting sulfur for

chlorine. However, if we do not bring the reaction of substituting sulfur for

chlorine to its conclusion, then sulfochlorine-containing products are obtained

[65].

P. C. Petrova and R. Kh. .reydlina [67] described the reaction of formation

di-(5,5,1..-t richloropentyl) disulfide by heating i,1,1,5-tetrachloropentane

with NapS and elementary sulfur:

2cl~cafxAsl+NOSa olga (cu,.LS,+ 2Rc

The yiced ,-f roady product iJ 90%.

Similarly by the reaction of tetrachloropentane witb sodium sulfide

R. G. N'trova synthesized di-(trlchloropentyl) sulilde, which by Ye. S.

:Sh.-peleva an the antihurr additive "sulphol" to lubricated oil [68]. The initial

produc1 for synthesir of sulphol, tetrachloropentane, is a byproduct of the

produc..in of synthetic fiber enanth, whose process of production was developed
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by R. Kh. Freydlina and Sh. A. Karapetyan [68]. Tetrachloralkane Js obtained

by telomerization of ethylene and carbon tetrachloride. In the production of

enanth fiber tetrachloralkanes are used which contain 7, 9 and 11 carbon

atoms, and tetrachloropentane is a byproduct used for obtaining snl'foi,

di- (trichloropentyl) sulfide:

JuE%4Cx%+ MWA"C~sCE)JAS+2K

or thiodivaleric acid [HOOC(CI 2 )4 ] 2S by sutzequent hydrolisis of sulphol.

The yield of sulphol is 70%.

The additive contains 55.8% chlorine and 8% sulfur and Is introduced in

oil in quantity of 4%. However, without an avnticorros'.n component the additive

is corrosionally aggressive (Fig. 15) and gives heightened wear of surfaces

(Fig. J6). These negative phenomena are eliminated upon adding a second

Fig.Fi5. I of s t e el I

• - I I I I.K I I I I I. IA

at 00C under the action of

oils with sulfoehlerine-con-
taining additives. Eastatliszhed

by the method of radioactive
isotopes (Yu. S. Zaslavskiy,
G. 0. Shor and R. N. Shneyerova)
V mineral olU TS-11.5; 2) TS-
14.5 with 4% sulphol; 3) TS-14.5
with 4% sulphol and 3% DF-11.

component, -- zink dialkyldlthiophosphate (DF-ii), which simultaneously lower-

surface wear, increases antiburr properties (Fig. 17), acts as an inhibitor of

corrosion and improves the thermal stability of oil.

The interaction of alkyl- and arylchlorine derivities with xanthogenates

of alka]l metals or with thlocarbonic acids produces a large quantity of

contemporary additives. For instance, to obtain a sulfochlorine-containing
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Fig' 16, Effect of sul-

phoi and DF-11 on ball
wear during tests on a
four-ball machine. LoadOn upper ball, IG kg.
1) TiS-g4.5 + 4% sulphola
+ 39n DF- ii; 2) TS-b4.5;

3) T-14.5 i 4% sulphola.

2:

a

- 0

I.•

. L ..L loJ a d. P ks

Fig. 17. Effect of zink dialkyldithio-
pnosphate (!F-ii) on antiburr properties
of TS-14.5 oil.

Antiburr
Additive Properties

Curve
%n OPI N, PS,

Nrame oil kP kg,

I one ............... -- 1r 79 158
2 ',I1"',, . . . .. . . . . . . . . .. . . .  4 112 631
3 Sulfol + DF-11 ..... )1 95 141 `31

5
DI"--i:.............. 3 55 i(, 224
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antiburr additive "Monsanto" [69] uses the reaction the product of chlorinated

ligroin, containing 5 4 % chlorine, with potassium isopropylxanthogenate. In

an analogous way these additives produced: chlorohenzylalkylxanthate,

chloronaphthaxanthate end polychloroligroin xanthatt, chloro!hylxanthate

(e.g., C5 if1 1C - S - C1 2 H2 1 CI4) containing from 10 to 15% sulfur and from

S

30 to 35% chlorine, and also products of reaction of sodium xanthogenate

with chlorine-derfvatives of ethylene hydrocarbons (69], for instance

3 II
V.C OC$3-C-nO-Cc=--CN,+ haC1

To obtain sulfochlorine-containing compounds I. D. Afanasev and T. A.

Rogachevskaya used the reaction of sodium salt of mercaptobenzothiazola with

1.3-dichlorobutene-2 (additive LZ-311); the obtained product contains 24%

sulfur and 12% chlorine.

Products obtained by chlorination of sulfur organic compounds

Sulfochlorine-containing additives can be obtained by chlorination of

organic compounds of sulfur. Thus, e.g., are these additives obtained:

perchloromethylmercaptan, tetrachlorodiphenylsulfide, dichlorophenyl-

methylpolysulfide, dichloronaphthylmet) 'Ipolysulfide and others [70].

The products, according to patent data possessing good antiburr properties

[70], can be synthesized by heating styrene with sulfur for 6 hours at

225-?300 C with a reflex condenser, as a result of which a mixture :-f 2.5-

and 2.4-diphenylthiophene is produced. By recrystallizing the mixture from

butanol a purer c'rystal product consisting mainly of 2.5-diphenylthiophene

is obtained. After passing gasious chlorine through this compound a final

product containinu 351Y chlorine is obtained.

*.P2, 3.4, 5.5-hcxachlioro-3-thlophene is synthesized by chlorination of

thitphene wit.h irascou chlorine. This product possesses good antiburr ability

and is stable to 225°0. Higher than this temperature this product decomposes

[7"0.
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In an analogous way chlorinated alkylsuifides and polysi.l'idez, anu also

thlorodibenzyldisulfides are obtained (70].

Products obtained by sulfurization of haloid-containing compounds

This method of obtaining sulfochlorine-containing additives is not widely

applied. The patent literature mentions products obtv:ined by sulfurization of

perchloromethylmercaptan, and also sulphurized chlqronaphtha]ene and

sulphurized chlorinated naphtha with an anticorrosion additive [711.

At present as antiburr additives not only compounds, in which chlorine

and sulfur simultaneously enter, but also a mixture of substances containi•g

these elements separately arz used.

The activity of such two-component mixtures to a significant degree

depends on the ratio of chlorine-containing and sulfur-containing components

in oil at their constant total percent of the concentration [72M.

Figure 18 gives the dependence of the index of antiburr properties of

[OPI] (011W"), calculated per GOST-94,;O-60, on the concentration of sulfur and chlorine

additives in TS-1Ik.5 oil. In the left par' of the diag:-am the antiburr pr~pertles

are increased as the concentration of chlorine compChent in oil increazes

.from 0 to 10%), and in the right part they increase with increase (fromJ right

"to left) of concentration of sulfur-containing additive (also from 0 to 10_).

In the middle part of the diagram the total concentration of additive remains

constant (]0% in oil). Vie content of rulfur and chlorine components charnFes

so that with decrease of one the quantity of other component increases

correspondingly.

]*rom the diagram it follows that upon introduction of sulfur and chlorine

components into the oil adding a small quantity of sulfur additive to the

chlorine component sharply increases tne antiburr properties of oil (middle p.ar'

of the diagram of Fi,-. IS). The maximum effect is at taired approximately at

a ratio of 70,10 chlorine component and 30% sulfur and, evidently, almost does

not deoe,:d on concen•ratlon of sulfur in the sulfur component of tr.e additive

(see curves 7 and 8 In Fig. 18).
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Fig. i8. he.effec of concntratic'

cflsulnureandichlorine4componentseon

2) chlorinae-onainfing addiiv choine);PII Slfur + -chontnie paddtffiv )

9 Z69chlorinated biphenyl(40choie;

15) +hexachlorethane(90chlorne;11);

c) lorz-6/9 +3 sulfhur); 6) suiphurize

d1u2 id) chlorinated paraffin:+sluie

terpf*nez.

Figure 19 gives the curves of dependence of wear on load when testing

TS-15,.4 oil with two-component additives on a four-ball machine (GOsT 91490-60).

From the figure it can be concluded, that the antiburr properties of oil with

identical concentration of sulfur and chlorine components strongly depends on

the activity of the chlorine component of the additive, which is determined

to a large degree by the structure of the compound and to a lesser degree by

the quantity of chlorine in the molecule.

Vog found that certain compounds of antimony and bismuth are activators

of antiburr properties of sulfur and chlorine additives [731. Among such

comnpounds are aniylates and ethylates of antimony and bismuth, triphenylbismuthine

an~d antimony oleate [23).
r Extraordinarily active as antiburr additives are chlorophosphorus-)ontaining

compoundL..

At present there are both Soviet and foreig chlorophosphorous-containing

antiburr additives, e.g., the Soviet additive chloreth-4) (2% in oil), additives

of the firn2 "Bayer-Leverkuzen," chaorophenylphosphate and Bayer-LE 'from

0.1 to I.)o0 in oil).
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Fig. 19. Antiburr properties of TS-14.5

oil with two-component additives.

Addltve ! ntiburr

CurveProperties

Name % in OI I g k
oil OP K'k PC' k

S Chloroparaffln + 7 96 100 794
Dlbenzylditsul fide 3

2 Chloroparaffin + 7 95 1 26 631
i2-/9 3

3 Hexachlorethane +
sulfurlzed terpenes4 (7+3) ............... 7 log -12 794
Chlorinated biphenyll+ --6/9. 7 84 100 398

P. I. SanFn and Ye. S. Shlpeleva synthesized and investigated a number

of chlorophosphorus-containing compounds of the type of esters of

chloralkylphosphinic acids. It was found that especially eighly active esters

of ehloralkylphosphinc acaids contain the CCI3 group [28]. it should also be

noted that at identical content of chlorine in molecule the chloradkyl esters

of phosphorous acids, containing M 3 groups, e.g., eari-(trichlorethyla- or

(trich 4Cr-tert-butyl)-phosphites, do not yield in activity to esters of

trichloralkylphosph-nic acids, however the firsty of these are corrosfonally

acggresasaive.

s tch r-s ,f clyp oralskylpaosph cni acids can 1,e obtained b[8 interaction to

carbon tetrachloride with esters of phosphorous acid [c74po:

ito o+ ( ot yP-Cld in activiytoes-5ihoriyphshnc cd,-oee th isiftee r orsoa

aggresive



A compound of a similar type -dibutyl ester of trichloromethylphosphinic

acid (additive chloreth-40) was obtained by Ye. S. Shipeleva also by the

reaction of acid chlorides of trichloromethylphosphinic acid and butyl alcohol

by the equation

C0?000a + WAH -* 4CCPO (OC616)s + 2HC1

The reaction occurs in the presence of triethylamine, which bonds with

the hydrogen chloride that is given off.

Authors recommend for industrial production of chloreth-4O to use simpler

way and to conduct the process in two stages.

The first stage is obtaining tributylphosphite from butyl alcohol and

phosphorus trichloride in a solution of benzene and in the presence of

triethylamine:

3COH + PCs + 3(C4H@) N -* (CHlO)s P + 3 (CNhI N - 11C1

The second stage is the synthesis of dibutyl ester of trichloromethylphosphLnic

acid from tributylphosphite and carbon tetrachloride:

A160h V +c p cOct, - U.)P0 1A + C, ij
As the authors show, side reactions leading to the formation of acid

chloride of dibutylphosphoric acid can also occur; in presence of moisture

this acid chloride can form acid esters of phosphoric acid and hydrochloric

acid, which can easily corrode metals. Furthermore, when the initial products

of synthesis of first stage (butyl alcohol, triethylamine and benzene) contain

moisture, this also leads to the formation of a byproduct, the incomplete

ester of phosphorous acid, dibutylphesphite, having an acid character. Evidently,

this explains the sometimes observed corrosion of metal details when testing

oils with additives of esters of chloralkylphosphinic acids. Obviously, at

the high temperature developing during friction this type of additive decomposes

and, in thn presence of moisture, as was shown above, forms corrosionally

arggressi ve compourndi.

The production of" esters of chlorophosphinic acids is described in a

nuinler of p3t en's (75]. in forelim lands addilives of chlorophozphiniic acide

- --- ~ ----------- - --- -55-- -
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and their esters are applied mainly in liquids for treatment of metals by

cutting; in oils for heavily loswid gear transmission more frequently are

applied the stabler salts of ar.Lnes and chlorophosphinic acids. j

B. V. Kleymenov synthesized a substance constituting a salt hydroxybutyl

trichloromethylphosphinic acid and methyl octadecylamine, "chlorethamine":

Orin*

Wci Cos

The initial products for synthesis of chlorethanine are dibulyl ester

of trichloromethylphosphinic acid (chloreth) and methyl octadecylamine.

Synthesis is conducted during boiling of chloreth with methyloctadecylamine

(140-160 0 C). Butylene separates and must be condensed during strong cooling.

The termination of the reaction is determined by the quantity of separating

butylene. The yield of ready product is 60-70%. At the same time the

methyloctadecylamine neutralizes the acid byproducts formed during the synthesic

of chloreth.

As a test of a 2% solution of this compound in TS-14,5 oil showed, it is

a fully stable product, does not evoke corrosion of metal in conditions of high

loads and friction temperatures and yields little to ch]oreth-40 in antiburr

properties.

Figure 20 gives the antiburr properties of TS-14.5 oil with 2% of additives

of esters of chloromethytphosphinic acids and chlorethamine during tests on

a four-ball machine (COST 9490-60). The lowest antiburr properties belongs to

oil with additive of butyl ester monochloromethylphosphinic acid (4); in this

case during jamming a great jump of ball wear spot occurs. Chlorethamine

significantly lowers wear during jamming (5). Technical chloreth-40 (3) is

somewhat more effective in antiburr properties than the chemically pure product

(2), since chloreth-40 contains an admixture of dialkylphosphite, which is

espeýcially active with respect to metal. This is confirmed by the fact that

a mixture consisting of 2% chemically pure chloreth-40 and 0.2% dialkylphosphite

(7) givez a significant increase of antiburr properties and at the same time is

corrosiona ly aggressive.
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Fig. 20. Antiburr properties of TS-114.5
oil with additives of derivatives chloro-
phosphinic acids (2% in oil).

Additive Antiburr

Cur-e Properties

OPI PK' PCO
kg kg

I Without additive ............ 36 79 138
2 Chloreth-40 (chemically

pure) ........... 86 141 631
3 Chloreth-40 (technical):..:. 88 158 562
4 Butyl ester of mono-

chloromethylphosphinic
acid ....................... 53 126 200

5 Chlorethamine ............... 72 126 398
6 Amyl ester of tri-

chloracetoxyphosphinic
acid ........................ 86 158 447

7 Chloreth-40 i- dialkyl-
phosphitel ................... 128 224 708

10.2% dialkylphosphitem in oil.

Clurve 6 shows the dependence of wear spot of balls on axial load on the

upper ball for TS-14.5 oil with additive of amyl ester of trichloracetoxyphosphinic

a.id. In antiburr properties this substance is approximately equivalent to

chloreth-40; hewev2r, it is less 5table due to the presence of a carbonyl

group in it.

There patents [761 or. the use as antiburr additives of alkyl- and

arylchlortne-substituted esters of phosphoric acid, chlorous alkylphosphates

obtained by the action of PC1 on a niixture of alcohol with thiophenol, products

obtained from the reaction of acid halides with alkaline salts of
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dialkyldithiophosphates and others.

Sulfophosphorus additives are basically anticorrosion and antiwear and,

as a rule, do not possess high antiourr properties.

Contemporary antiburr additives applied in otis for hypoid -sinzmis -ionr

of automobiles contain, as a rule, three acdive elements (sulfur, chlorine and

phosphorus) combined in one molecule or, more frequently, introduced into the

oil in the form of a composition of several substances. While sulfur and

chlorine are the basic antiburr elements, phosphorus acts as an inhibitor of'

corrosion and an antiwear agent. In a number of cases the role of pho3phorus

can be fulfilled by a nitrogen compound. For instance, there are antiburr

additives obtained by the reaction of chlorinated paraffin with alkyldithiocarbonic

acid or arylthiourea [241, by the reaction of thiourea with alkylchloride

[771 etc.

Among the Soviet additives containing three or more active elements,

It is necessary to note the products synthesized by I. D. Afanasyev and

T. A. Rogachevskaya from sodium dialkyldithiophosphate and 1.3-dichlorobutne

according to the scheme [4P]

RO

30 SCU,6-Of-051-cJ1+ Naa.

Suzh an additive Is LZ-309, in which R is the isopropyl radical. This

additive is added to oil in quantity o: 5%, which gives it not only !hgh ar.til0irr,

1 but. also -,ood antiwear properties.

tMelallic salts of acld esters of dialkyldithiophosphoric acids are

mult i'uncwi onal additions to oils. They possess washing-, aritlcorrosion, aritiwear

* and stabi Ii:,inr, propert ies, more )r less strongly expressed deperding upon the

* structur, of these compounds [40].

Zink dialkyldithiophosphates not only actual somewhat increase the antiburr

j" properties of oil=, )ut, when introduced into oil jointly with strong antiburr

additivees. act as activators of the basic antiburr components, compounds
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containing sulfur and chlorlne in active form. Along with this zink

dialkyldithiophosphates lower the chemical aggressiveness of sulfur and

chlorine-containing compounds, i.e., they remove corrosion and decrease wear

of metallic surfaces, observed in presence of such compounds.

These valuable properties of low-molecular zink dialkyldithi;phosphateg

are the reason that contemporary strong antiburr additives, applied in foreign

lands in oils for hypoid transmissions of automobiles, contain zink

dialkyldithiophosphates as one of their components [391. Such additives are

Anglamol-91 and Anglamol-93, Santopoid 22RI and Santopoid 23RI and others, as

this can be seen from Table 2.

We should also remember the already mentioned Soviet additive, Sulphol,

applied in combination with DF-ii, as a result of which the combined product

contains sulfur chlorine, phosphorus and zinc.

Among Soviet zink dialkyldithrophosphates in antiwear properties the most

effective additive is DF-1i, synthesized by reaction of a mixture of isobutyl

and isooctyl alcohols with phosphorus pentasulfide and subsequent reaction of

the complex acid ester of dialkyldithiophosphoric acid with zinc oxide [401.

Additive DF-i1 contains 5.23% Zn, 4.5% P and 5.55% S. In oils for gear

transmissions it is introduced in quantity of 3% in combination with the optimum

quantity of the antiburr component.

However, good results in lowering surface wear is also given by application

of zink dithiophosphates synthesized on e base of cyclical alcohols, and also

on alcohols obtained by oxysynthesis and constituting a mixture of normal and

isoalcohols of different molecular weight. At present, besides DF-ii,

VNIINP-50O, VNIINP-354I and 12-317 are tested with positive results.

Among foreign additives Lubrizol-1060, Lubrizol-i360 Santolube-493 and

others can be called analoyous.

Bimetallic salts of esters of dithiophosphoric acids are recommended as

additives to o~ls for hydrodynamic transmissions, since they well combine washing

and stabilizing properties with antiwear [38]. Such, e.g., is Lubrizol-284 [12].
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Different organic and inorganic compounds, containing me-als

j *JIn compositions of antiburr additives all the more f-requently are organic

and inorganic compounds of' metals being applied: lead, copper, potassium,H sodium, aluminum, lithium, zinc, antimony, bismuth, molybdenum, tungsten,
titanium, cobalt and even iron in a colloidal state. Organic compounds of

metals do not have Independent value as antiburr additives, since they
insignificantly improve the antiburr properties of oils. However, being added

in oil t',getsher with sulfur and chlorine components of the additive, they turn

out to be very effective activators of the basic antiburr elements (sulfur and

chlorine): besides, some of them can lower surface wear during moderate friction

and are inhibitors of corrosion and oxidation.

Among the first antIbtrr additives developed for hypold transmissions

of automobiles were mixtures of lead soaps with sulphurized fats, Additives

of naphthenates and oleates of lead in composition with sulfur chlorine,

and sometAmes with phosphorus-containing compounds are applied even now (e.g.,

Makom of the firm "Shell", the Czech oil YeRN, C-DR oil for hypoid transmissions

of automobiles and others). Such oils are especially favorable during work of

gears on conditions of high speeds, characteristic for transmissions of passenger

automobiles, and also for operation in the first period of work. Besides high

antiburr'properties, lead soaps in combination with sulfur possess two more

positive properties, extraordinarily rarely combined and usually being

antagonistic: the ability to act as a deemulsifier and at the same time to lower

the: corrosional aggressiveness of oils. However, as with most of the other

compounds of h'avy metals, lead soaps form insufficiently stable colloidal

systems in oil.

We have already Indicated the multifunctionalness of zinc salts of est(..-

of dialkyldithiophosphoric acids and their ability to activate the antiburr

component of the addilive. An analogous ability Is possessed by naphthenates

and oleates of antimony and bismuth [781.

Durinp the Ins' few years natural molybdenum disulfide has attained

propagation as an add:ive [.81]. Molybdenum disulfide is released in týe

form of powders, pastes and suspensions, applied to the surface or introduced

in h,•.ri' Int, material. The colloidal suspension of molybdenum disulf*de In
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oil Is insuffLiently stable and Is inclined to separate during storage.

Molybdenum disulfide acts as an antiburr additive only In sufficiently

high concentration (higher than 10%); however, it also possesses antifriction

properties. Similar properties belong to tungsten disulfide.

Molybdenum disulfide is effective both at high (to 4000C) and at very

low temperatures.

At temperatures higher than 4000C molybdenum disulfide starts to oxidize

(it is assumed into MOo3). Then the additive loses Its lubricating properties,

since MoO acts as an abrasive. The efficiency of molybdenum disulfide is
3

kept approximately to 5000C until all the MoS 2 is converted into MoO,.

IM'olybdenum disulfide can lower fretting corrosion and prevent fatigue

paintinir of surfaces [17]. Therefore it is recommended to apply MoS 2 in nodes

with reverse-vibrating movement with small shifts, where there is danger of

fretting corrosion appearing.

Of significant interest art compounds of molybdenum which can form

colloldal solutions in oil [82, 83]. Organic compounds of molybdenum blue,

ccnstituting complex oxygen compounds of molybdenum, derivities of moljbdenum

phosphoric acid, organic molybdenuir-nitrogen compounds, molybdates and oxalats

molybdate organic amiriez, thiomolybdates of organic niti,,us bases and

iolybdoalkoxyxanthogenates have been suggested [84].

With the exception of molybdenum xanthogenates and thiomolybdates, the

remaininf" compounds of molybdenum, without the addition of a second component

composed containlrq clilorine and sulfur, are slightly active antiburr additives.
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1I 2. Boundary Friction and Mechanism of

Action of Oil Additives Improving the Conditions of Friction

At present it is considered that the terms "oiliness" and "durability

of oily film", whiLh tpreviously were applied to characterize the ability of

an oily film to be retained on the surfaces, lowering friction and wear, and

also preventing jamming, are foggy and indefinite arid absolutely io not

reflect the essence of the phenomenon.

It is known that durability of threshold (monomolecular) layers of

lubricant is essentially equivalent to durability of materials of the friction

surfaces. The limit of efficiency of the oily film is by no means its

"durability" property. The wo'!,s of Blok [851, Beeck, Givens, Smith and

Williams (26], Frewing [21]. Bowden [86, 87], Khrushchev and Matveyevskiy

[15) prove that the property -determining efficiency or "payload capacity"

of an oily film In conditions of ti.reshold friction is its thermoresistance.

Disturbance of an oily film occurs as a result of its desorption under influence

of hign temperatures of friction on micro-contacts. A measure against this

can be the selection of those additives which, due to chemical reaction with

metal under influence of high temperatures or adsorption on surface of metal,

ensure lowering of friction and wear or preventing jamming of surfaces. This

can occur due to high plasticity of surface layers, provoking chemical polis.,nr

of surfaces and promotingr appearance of "quasihydrodynamic" friction [26],

due to lowered durabiLIty (or heightened fragility) of surface layers formin-

under influence of chemically active elements in the lubricant, leading to

light destruction of g.rasping points, and, finally, due to the formation of

a cleanintr effect as a result of molecules of the lubricant oriented on the

surface t- •

Depending upon wnich principle underlies the additive's mechanism of

actiIoni, improvement of conditions o-" friction can occur: 1) by lowering

1 rlction :0. normal threshold conditions (antifriction additives); 2) by

lowerintr .urface wear at' moderate loads (antiwear additives); 3) preventinir

and ea.'irif, the process of jamming (antiburr additives).
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A. Antifriction Additives

Antifriction additives are those substances which are added in oil to

stabilize friction or lower it during work of surfaces at normal threshold

conditiors without jamming.

Polar-active molecules of such substances fully cover the metal surface,

placing their long axes perpendicular to it. The adsorptive layers of the

lubricant act to lower friction by two means.

On ihe one hand, the molecules oriented in parallel are joined by active

groups to the metal surface, simultaneously being attracted one to another by

the forces of molecular attraction. When the molecules are quite long they

can be inclined and bent under the action of tangents of forces and to slip

one past the other, lowering the resistance to shift.

On the other hand, dense packing of such a '"nap" prevents direct contact

of surfaces or migration of atoms of metal under the effect, of their mutual

attraction.

Such an oriented structure of adsorptive layers not only can sustain

very high loads, but it also can create a wedging pressure, shifting the

threshold condit ions of friction in semiliquidness, ("quasihydrodynamic"),

characlerIved by easing the resistance to shift.

To explain the role of boundary films in lowering friction Bowden,

Gregory and 'Itbor [89] offer the following expression for frictional force:

T-Se laei+ (--P-)TJ,

where .,ý Is the carrier surface; a = S,,S. is the part of this surface on

whici- deslruction of' lubricating film occured; Ts is the metal's resistance

to cutting; T is the resistance to shift of the oily film.

For good threshold films existing on the whole carrier surface and

possessint, high polar activity a = 0 and T is sufficiently small, which ensures

a low value of frictional force. However, if on part of the carrier surface

there occurred disturbance o," the oily film, the magnitude of frictional force

will be determined mainly by the resistance to cutting Ts of the metal or

the product of rea-; lon of metal with additive, having lowered resistance to

c,|iting a-. compared to thc. iniilal metal and facilitating destruction of
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granping' p-int.. tn frlcl on surfaces.

It-r te c~.aract cristics of interaction of surface-active and chemically

effective oil additives at high temperatures Bowden [86] offers the diagram

shown in Fig. 21. For mineral oil, paraffin base, the coefficient of friction

is continuously increased as temperature rises in conditions of threshold

friction (I); oil with polar active additive of fatty acid gives a sharp

a •increase of the coefficient of friction at a definite
0

temperature corresponding to the temperature of

disorientation of molecules (II); for a lubricant

containing a chemically effective antiburr additive,

8' the start of its reaction with metal appears in a sharp
ta'peratws OC

Fig. 21. Change of drop of the coefficient of friction, which has a highcoefficient of
friction depending value at room temperature (III). According to Bowden'supon temperature
during operation assunption, the most successful combination is the jointwith lubricants of
differetrtr types. application of a surface-active and a chemicallyI) nonpolar paraf-
fin; II) fatty acid; effective substance; with this the coefficient of frictionIII) mineral oil
with antibura addi- will have a low value both at room and at high temperatures
wtive ractingr adi-htive, reacting with (IV). However, with respect to antiburr propertiessurface at a tem-
peratire to; IV)oil this assumption is not justified, since adding an
containing a two-component additiveconsisting of an antifriction component to an antiburr, as a rule,antiburr component
and & fatty acid, lowers the antiburr properties of the additive.

B. Antiwear Additives

Irictior is accompanied by wear, which leads to baring the surfaces and

to the formation of free bonds in the crystal grid. The latter easily joins

the free atoms of the neighboring surface or actively reacts .with a chemical

medium, which is the lubricant or the surrounding atmosphere.

In conditions of moderate loads and temperatures surface-active substances

can server as anliwear additives. However, friction leads to signiflcant heating

of Curfaces, and increase of temperature leads to disorientation of molecular

structure and to lozs of the lubricant's adsorbability. Because of this

polar-acd ve substances cannot serve as stable antiwear agents. The latter
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can be substances or compositions of compounds which in the presence of polar

activities with Increased temperatures can react with Juvenile surfaces of

metal to form films preventing surface grasping. Among such substances

are certain sulfur-containing compounds with durably combined sulfur (in most

cases they simultaneously possess anticorrosion properties), and also esters

of phosphoric and phosphorous acids.

For sulfur-containing antiwear and anticorrosion additives the type of

reaction occurring in the formation of complex of metal with molecule of

organic compound not containing a replaced atom of hydrogen is characteristic

[90]. !owever, this direction of reaction depends on specific conditions of

the contact. In specially rigid temperature conditions the reaction can occur

with detachment, of sulfur and with subsequent, formation of a sulfide.

The 21baracterlstic property of phosphorus-containing compounds is their

ability to lower surface wear at moderate loads and to ensure high smoothness

of friction surfaces.

According to the hypothesis of Beeck, Givens, Smith and Williams [26],

under the effect of high contact temperatures of friction on surface eutectic

alloys of iron are created with the phosphorus contained in the additive.

Such a eutectlc alloy has a lower temperature of fusion than steel and,

because of this. possess high plasticity, causing, as it were, chemical

polishinu, of surfaces.

Tt was established [28, 91] that during decomposition of phosphorus

compounds under the infiuence of temperature on the order of 2000 C phosphine

(Pl1) will be formed, witch enters into reaction with the metal. The reaction

of phosphine with iron occurs significantly more rapidly than other active

materials, whict. to a definite degree prevents the reaction with the metal of

other elements, often causing the lowering of acitivity of the other antiburr

components of the additive. Evidently, this partially explains the mechanism

of anticorrosion action of phosphorus compounds.

P. I. Sanin and A. V. Ul'yanova [921] studied the process of thermal

decomposition of esters of phosphorous acid. The disintegration of

r rio(.'adecy lphosphite. "ribu ylphosphite and tributyltrithiophosphite

marybe ir.iv(,) by tne fo lowi i: equations:
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LTI
4 CaelaO)a P-. a3jfI•o + PEt. + UaCuUu,4 (CW.) P A# 3SPO + PH* + oCH..

4 (•%o2)s P ## aH&Pg + PH& + ir.

Trialkylphosphites decompose in the temperature range from 250 to 2800 C.

The phosphine thus obtained interacts with metals (and their oxides), forming

phosphides. According to P. I. Sanin and A. V. Ul'yanova copper (but not iron)

acts as a catalyst in the process of decomposition of phosphites, lowering

temperature and accelerat.ing the process of decomposition.

This whole picture is also reproduced in conditions of friction on

metal surfaces, where in the case of tributyltrithiophosphite, besides

phosphir., nydrogen sulfide is also a product of the reaction, leading to the

formation of a sulfide of metal of stabler than the phosphides.

It was established [28] that phosphine compounds containing hydrocarbon

radicals directly comblined with phosphorus, e.6., esters of alkylphosphinic

0II
acids RP(OR1 )2, are significantly more active than compounds containing only

the alkoxygroup (e.g., esters of phosphoric and phosphorous acids (RO) 3 P and

(RO) P = 0). Davey [1)3] found that phosphites are better antiwear additives

than phosphates, but alkyl esters of phosphoric and phosphorous acids are

better than their aryl esters.

As was established [94], the effect of organophosphorus compounds appears

in the region of comparatively low temperatures and moderate conditions of

friction, at which phosphorus add]Lives ensure a substantial lowerine of

surfac- wear and a certain increase of load of jamming, combined with their

chemical Polishing effect.

Chemtiýa] pooishint, leads to a negative effect at L!gh loads, when the

actual ,irea of cona-t increases ro much that grarping focuses from separate

points arc distributed over the whole area of friction, causing instantaneous
A jamming. Because of I.is for additives containing only organic compounds of

phosphorus a sharp process cf jamming~developing violentlY, with large

destructon of" surface in depth is characteristic.

Due io this the application of sin,;le-component phosphorous additives

is not. an effect ive mea.-aire for preventing wear and Jamnly.r~ under heavy

~ !. c vrd it lonz: o'f 1ric' I!on.
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it. is expedient to apply organophosphorus compounds in combination with

other active elements with! a complimentary functional demarcation of their

action.

Certain phosphorous compounds can form stable anticorrosion films on

metal surfaces. The first fixed layer of such a film will be formed as i

result of the chemical reaction of metal with the phosphorus contained in the

additive; subzequent layers are retalned by adsorpti-e forces. However, the

ability of phosphorous compounds to form protective films on r'urfaces, as

noted, often lowers the activity of the other antiburr components.

C. Antiburr Additives

The action of antiburr additives copsists in of entering into reaction

with metal surfaces at high temperature of friction and forming compounds

with melals, which po,.sess the ability to prevent Jamming of surfaces. Such

compounds, sulfides, chlorides, etc., have lowered resirtance to shift as

compared to the initial metal, due to which the destruction of grasping points

during friction is localized in surface layers.

If the medium is insufficiently active and cannot quickly react with

fresh surfaces, and the site of contact flows, being subjected to plastic

deformation. graspini) Increases to jamminw of surfaces, obtaining an avalanche

character.

Chemically active additives to oils not only increase the load of

jamming, but also smootut the process of Jamming, meanwhile lowering besides

surface wear and coefficient of frJction.

This process may be ensured by application of complexes containing sulfur

and c) ]orine separately and in combinations among themselves in the basic

compound as addltives.

The problem of eorrect selection of antiburr additives is that they should

become active only under !he effect of contact temperatures of friction,

entering In reaction on the areas of contact. At the same time the additive

should no' exhibit agXgressiveness wih respect to metal at moderate temperatures,

i.e., shculd not evoke corrosion of surfaces.

The difficulty of' selecting a good antiburr additive consists of just
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this: the requirement of high antibur, oroperties and absence of corrosion

contradict each other, since chemical activity causes the action of the additive.

According to research [951 the temperature of friction surfaces at normal

threshold condicions without jamming should not exceed 250 0 C. Evidently,

it is more favorable if the additive reacts with iron in the temperature

range of 150-2500 C, since 150 0 C is the maximum which can be attained in

the oil in transmission crankcases. When the temperature of interaction of the

additive with iron is lower than this maximum, the additive can react with all

the details, located in the oil and evoke their undesirable corrosion. If

the temperature of reaction of the additive with iron is higher than 150°C,

this limits the action of the additive to the friction surfaces where actual

temperatures of friction exceed 150° C.

To investigate the temperature-selective action of antiburr additives

it is useful to use themographic analysis of substances in mixture with metallic

powders; this allows us to Judge about change in the aggregate state according

to disturbance of smooth slope of curves of he. ing and cooling, appearing

due to yield or absorption of heat in the proceos of the reaction [19, 951.

For research we used the photorecording pyrometer of N, S. Kurnakov with

automatic recording of temperature as a function of time, allowing us to reveal

weak thermal effects, appearing during change in the aggregate state of substance,

by simultaneously recording two curves obtained frov. simple and differential

thermocouples.

The connection of the thermocouples is chown in Figure 22.

In the absence of thermal effects the recording of the simple thermocouple

Is a slanted straight line; an endothermic effect is characterized by a

collapse of the line, an exothermic effect by a jump.

The differential thermocouple serves to determine the difference of

temperaturr.s of standard and sample and, as it were, iz two independent

thermocouples, whose thermoelectric currents are mutually subtracted. A

galvanomet'er, included In the circuit of the differential thermocouple, records

the difference of two thermal electromotive forces.

The dIfferential thermocouple is very sensitive, but. ýIves only qualitative

readinIrs, which attain their full value only if It is applied 'n combination
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with a simple thermocouple,

Thermographic research of antiburr additives was conducted

in conditions of slow heating to high temperatures in pure

form and with additive of chemically pure metallic powder

reduced by hydrogen, in a ratio ensuring surplus of metal [i9].

As has been shown in the work of P. 1. Sanin and others (28],

the number of simple compounds interacting with metal in theFig. 22 Con-
nection of process of additive decomposition during friction is evidently
the Kurnakov
pyrometer. insignificant. For the majority of additives these can be
2) galvano-
meter of the phosphine, sulfur, hydrogen sulfide, chlorine, hydrogen chloride
differential
thermocouple; and 6thers. In certain cases direct interaction of a substance
2) shunt of
the differ- with metal (e.g., additive of the type of carboxylic acid),
ential ther-
r ocouple; and also the formation of intermediate compounds with metal,
2 rheostat
f thl2 dif- e.g., mercaptides can occur; these compounds are then subjected
fererntlal
thermocouple; to decomposition at contact temperatures on friction surfaces
4 ) galvano-
meter of the [961.
simple ther-
mocouple; A result of the reaction of active compounds with friction
5) shunt of
the simple surfaces is the formation of metal ojides, chlorides, sulfides,
thermocouple;
6) rheostat phosphides, etc., possessing lowered resistance to shift.
of simple

thermocouple;
7) investi- 1. Sulfur-Containing Compounds
gated sub-
sl ance;
8) substance- A characteristLc property of active sulfur-containing
-standard.

compounds is their ability not only to increase the load of

jamming of surfaces, but also to strongly lower their wear and fiiction in

process of jamming.

Influence of organic compounds of sulfur on surface starts from their

adsorption at moderate temperatures. However, adsorption is not the decisive

side of mechanism of action of sulfur-contaJiing antiburr additives, but to

a larger degree is peculiar to antifriction and antiwear additives containing

stable combinea sulfur.

Rel.live to the mechanism of action of sulfur-containing antibjrr additives

in conditions of high temperatures of friction on micro-contacts the most

probable should be considered decomposition of organic compounds of sulfur
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with yield of hydrogen sulfide and its subsequent reaction with surfaces with

formation of a metal sulfide of metal. In certain cases the formation of a

metal sulfide can occur as a result of light splitting off of sulfur.

Radiographic research cf sulfide films [97] on irradiated gears, tested

on a stand working in a closed cycle showed that the reaction speed of

foarming iron sulfide is increased as the temperature of friction increases.

The thickness of sulfide films on steel increases as load increases and at

constant conditions does not change. Also, the thickness of the film increases

towards the head and leg of the gear tooth, i.e., in zones of the greatest

slip, and consequently also the highest temperatures.

Sulfide films forming under the influence of compounds with various chemical

activity can have different antiburr properties due to the following causes,

the more active substances react at lower temperatures and the process of

forming a sulfide is developed earlier and deeper. For instance, the temperature

at which metal sulfides form in the process of sulfonation, conducted to

Increase the resistance to wear of machine parts, is not below 2000 C and to

the strongest degree depends on prescriptions of bath for sulfonation and on

the brand of steel [98].

Thermographic analysis of dibutylxanthate ethylene (additive LZ-6/9

applied in Soviet transmissional oUi) showed that its reaction with iron

powder occurs in the temperature range of 192-197°C (Table 3).

The mechanical (durability) properties of sulfide layers change depending

upon the rate of formation and the derth of their penetiation, which in the

first place is determined by the temperature factor. The character of the

sulfide also chang!es dep;nding upon temperature: while FeS appears at

tumperatures of 400-(6000C and starts to form In small quantities at about

200 0 the format lon of 71-WS2 is observed at significantly higher temperatures

on the order of 1000C [99].

Jointly with S. S. Kularina [95] the author investigated structural

transforations in friction surfaces of balls during tests on a four-ball

machine with different types of additives in [TS-14.5] (TC-145) oil [TU 110-61]

(TY-,1o-6•)

Inlernolatinr the depeadence curve of microhardness of [ShKh-6] (UlX-6)

steel on nemperature of tempering allowed us to approximate tne temperatture arising
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To. 3. "s-tA or etwo.eom°,io AnSfY2ls of ýirtain OCosraoda Appied •a Antiburr Md•ltlves toi dils

Temprature of retlon% oe

F u s i n g b o 4 l in g u p. I n t e r a ct io n Idt h i rn -
COU~oo~jd dialaltawat ion

liticut With IlIthout With StasL of TIperstupa
Iron iron lion. ion process 'Jup

Suipto1 •LI - itrissaorpent 1) - sulfide 32(-) •2(-) M?7(-) - t . 1(+) -

IZ-6/0 (d~tuyl2mathate stVee - - -0ft"

Chlorinated persfhn 56- ()2 ) W( 5+

LZ-209 (..tr obaedtouI teW - - IS.jg I()j
tion of sodin dis IPa1dlthopesp i ate 1781 0 1-1

Vstt ditehloropyteine)

Anala•-A-70, sultleoopmntnt sucriehlero- - lm0÷) i-int
phosphorus-oonta•lng e&jdMAlve., t3nie of +j 2M.j.

0 (+)-- aothwaleo reaction (-)- Tndothe.ne "eestlon

under friction, from thenmicrohardnecs of surface layers of the wear hole. It

was found that during the test of oil with sulfur-containing additives on a

four-ball machine per GOST 9490-60 the temperature of
r rre tior, of rrietlon

friction surfaces was significantly lower than it was

sra in the case of pure mineral oil and oil with chlorine-

containing additives. Isotherms constructed on the

Fig. 23 Isotherms in basis of measuiring the microhardness during gradual
surface layers of the
wear hole of a ball abrasion of wear holes on balls (Figures 23 - P24) show
after tes(Ang oil
TV-14.5 without addi- that the zone of secondary hardening appearing for given
tive on a four-ball
machine, brand of steel at temperatures higher than 7300 C is
Load preceding weld-
ing of spheres. observed after test of balls in pure TS- 1 4.5 oil (Figure)

23) and in oil with chlorine-containing additives (Figure 24)b), in particular

with 10% chlorinated paraffin. In the test of oil with sulfur-containing

additives [LZ-6/9] (113-4/o, dibenzylsulf'de, etc.) tempering of surface layers

of' metal is typical (Firure 24a); in this the temperature does not exceed 4500C.

Researrct of oil with dibenzyldlsu]fide additive, conducted by G. V.

Vlnogradov and 0. Ye. Morozova [100], showed that the zone of secondary hardening

appearing in first moments of test disappears in process of friction due to

high operating properties of sulfur-containing additives.
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.Mrocaton of trietion These phenomena are observed at regimes of

• Jamming of surfaces and indicate that sulfur-containing

M Wadditives significantly soften the process of jamming

and act in this period as antifriction, additives,
6-- ]trectoi onf fricti on i.e., they lower the works of friction while

chlorine-containing compounds (including chlorophosphorus

aeriiatives) to a larger degree act in the direction
Fig. 2•. Isotherms in
sFac layIsoterms of wea of preventing welding of surfaces.surface layers of wear
holes in balls after Other elements of group VI of the chemical
test of TS-14.5 oilwith additives.
with additives/9 b)0% table, in particular selenium, tellurium and o'ygen,
a) 5% LZ-6/9; b) 10%
chlorinated parafin. also possess antiburr properties [10i, 1021. "he
Load preceding weld-
ing of spheres, intense flow of the oxidizing processes in regimes

of jamming leads tc softening of Jamming, since molecular oxygen gives an

antiburr effect. At threshold friction without jamming intense reacting of

oxygen leads to increased friction and wear due to formation of oxides.

2. Chlorine-Containing Compounds

Chlorine-containJng compounds applied as additives to oils are typically

antiburr, but not antiwear agents.

It was determined that not only chlorine, the most wide-spread active

element in antiburr additives, but also the other halides give oils the

ability to improve the conditions of friction and prevent jamming of surfaces

(63]. It is known thal fluorinated hydrocarbons possess not only exceptional

* thermoresist.ance, but also heightened antiburr properties.

Of all the halides hromine compounds possess the best antibu'r properties

[63]; however, the practical uze of these compounds in as additives to lubricating

ollf Is limited by their high cost. In connection with this we will only

consider cilorine-conialning additlv-!s.

-,.- m-:.an~sn of 3c' ion of 1zhlorine derivatives during friction consists

of thc. fo-rmtion of iron chloride films on metal. In the opinion of Pruttor

and others [103], the formation of iron chlorides during friction can occur

•. ~In Lwo way.-.:
1) direct reaction of chlorine derivatives with the metal;
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2) decomposition of chlorine derivatives under the action of high

temperature of friction with formation of hydrogen chloride and producing

chlorides of the metal as a result of interaction of hydrogen chloride with

the metal surfaces.

The action of ferrous chloride films of chlorous iron is maintained to

comparatively low temperatures (on the order of 3000 C) [104]. According to

thermographic analysis the interaction of chlorinated paraffin with iron already

occurs at 1350 C, and decomposition of the reaction product of chlorinated

paraffin with iron starts at 265c. According to the results of metallographic

research Jamming develops at the temperature of the friction surface,

approximately 3700 C [95].

Chlorinated paraffin is inclined to evoke corrosion of surfaces during

detachment of chlorine under the effect of high temperature or as a result of

hydrolisis in the presence of moisture. During hydrolisis of active chlorine

compounds replacement ;,f the most mobile atoms of chlorine on hydroxyl groups

leads to strong lowering of antiburr properties of oil.

Au in case of the previously considered sulfur-containing additives,

the effectiveness of chlorine derivatives depends on their stability in

conditions of friction; this is combined with the chemical structure of substances:

chlorine derivatives of the paraffin series with long chains are less effective

than acid chlorides with long chains j831. In first case the compounds are

more stable at high temperatures than in the second. The high stability and

weak reactivity of chlorine derivatives of aromatic hydrocarbons containing

chlorine at the carbon of the ring were also noted.

Corrosion of surfaces under the effect of the forming hydrogen chloride

can be eliminated with the help of anticorrosion additives of the alkaline

type, surface-active materials, enveloping the surface (ioneks [ionex ]

etc.), and neutralizing amines.

3. .ulfophosphorus-Containing Compounds

The mechanism of action of thiophosphori4ý additives to oils was investigated

by -. V. Vinogradov, M. D. Pe'borod'ko, Yli. S. Zaslavskiy, P. I. Sanin and

ott~ers [9J, 941.A
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Their research showed the high reactivity thiophosphororganic additives

the effectiveneL- if these compounds is especially high in the presence of

functional differentiation of the action of sulfur and phosphorus compounds.

According to the opinion of P. I. Sanin and A. V. Ul'yanova [92], during

decomposition of thiophosphororganic compounds in conditions of high temperatures

of friction the most reactive product of decomposition, phosphine, reacts

with the metal first; hydrogen sulfide reacts at the highest temperatures.

This explains the fact that at moderate conditions of friction phosphorus

compounds in thiophosphoric additives have an advantageous effect characterized

by low wear of surfaces. Under conditions of jamming at high temperatures

on micro-contacts the action of sulfur starts to appear: this is expressed

in softening the process of jamming, decreasing the destruction of surfaces

and guaranteeing their operation.

G. V. Vinogradov with co-authors found that the biggest effect from

applIcation of thlophosphoric compounds is obtained in the presence of

relatively lowly mobile phosphorus and highly mobile sulfur. The latter can

be ensured, if sulfur is In the p- or y-position relative to the oxygen ester

bond [94, 104]. At the iame time the presence of too active sulfur can increase

surface wear at moderate conditions and, in the opinion of certain researchers,

lead to lowering of the load of jamming [91].

It was also revealed that increasing the hydrocarbon c ain of thiophosphoric.

compounds lowers the load of jamming, and thus, the activity of thiophosphoric

compounds from this point of view is opposite of that characteristic for

surface-active sutstances during adsorption of films [28, 91].

On t le basis of all this one should conclude that during synthesis of

thiopnosphoric antiburr addltives it is necessary to go along the line of

selectinp compounds with more or less short hydrocarbon chains, in wlir.h

pho.;phorinw- has low mobility in 'Ahc pre.;erice of comparatively mobile sulfur.

The mobiI i ,y of sulfur is ensured by proximit.i or double bonds in hydrocarbon

chain, or the oxynr: estier bond.
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4. Chlorophosphorus-Containing Compounds

The essential distinction between thiophosphorus and chlorophosphorus-

containing additives is that when phosphorus is combined with chlorine in

organic compounds, where both element are distinguished by sufficiently high

mobility, the determining role is evidently played by chlorine and not by

phosphorus [28].

It was found that among the chlorophosphorus-containing additives the

most effective antiburr properties are possessed by esters of chlorolkylphosphinic

acids and chloralkyl esters of phosphorous acids containing the CC1 3 group

[28, 791.

This is explained by the great mobility of chlorine in the trichloromethyl

group, which can bond directly with metal to a chloride of the metal.

The high reactivity of the CC1, group appears during thermographic analysis

of compounds of this type in presence of iron powder in the form of a strong

exothermic effect in range from 96 to 2000 C depending upon the character of

compounds and the presence of impurities in them;e.g., acid alkylphosphites

(compare points 1, 2 and 3 of Table 4). The latter strongly lower the reaction

temperatures of esters of chlorolkylphosphinic acids with metal and can cause

a corrosional effect similar to that of oil additives on the metal surfacc,

and also promote the increase of antiburr properties of oil (Figure 20, Curves

2 and 7).

Thermograms of a number of derivatives of chloralkylphosphinic acids are

shown in Figures 25-28.

Chemically pure butyl ester of trichloromethylphosphinic acid (Chloreth-40)

in absence of iron is stable to 2P5 C, at which it gives effect with absorption

of' heat: at 240 0 C it gives effect with liberation of heat (Figure 25).

With iron powder Chloreth-40 reacts stormily with liberation of heat at 1350 C.

In practice during work in friction node this reaction also has a very stormy

character and when it is caused by heating of oil in total, it leads to corrosion

of surfaces of steel details.

%'he reaction temperature of Chloreth-40 with Iron Is still lowered acid

dialkylphosphite is an impurity in the product. This is particularly Indicated

bU t',e thorr.ofram of Chloreth-40 w~th impurity of dihutylphosphite (Firure 26).
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Table 4. Results of Thermographic Analysis of Certain Derivatives of
Chlorophosphinic

Temperature

Endothermic Exothermic
Additive I interaction

Boiling with with iron
decomposition Decomposition (start of pro-
without iron* without iron* cess and tem-

perature jump)

2. Chloreth-40 (butyl
ester of trichloromethyl-
phosphinic acid) chemi-
cally pure 225 240 135-275
2. Chloreth-40, techni-
cal 232 208 96-230
3. Chloreth-40, chemi-
cally pure, +1o%
dialkylphosphite 220 203 98-220
4. Butyl ester mono-
chloromethylphosphinic
acid 259 None 200-266
5. Chlorethamine (salt
hydroxybutyltrichloro-
methylphosphinic acid•ill•|i|and methyl octadecyla-

mine)** None 232 178-234
6. Amyl ester of
trichloracetoxyphos-
phinic acid 175 110-250

*In presence of iron decomposition is lacking.
Temperature of eridothermic process of fusion (with and without iron) 45 C.

At full similarity of the character of curves in Figures 25 and 26 the temperature

of decomposition of Chloreth-40 with impurity of dibutylphosphite is lowered

to 2108C, and its reaction with iron occurs at 96 0 C.

jb 
23r2*

f.

T!", ninut TIme, Inmtes

Fig. 25. Thermogram of Fig. 26. Thermogram of
butyl ester of trichlo- Chlorethamine. For con-
romethylphosphinic acid ditional designations
(Chloreth-40) 1) simple see Fig. 25.
thermocouple, jub.tance
without iron powder;
:a) the zame, diflere.n-
tial thermocouple; P)
Simple thermocoup],, re-
ccrding in the presence
,' irrin p!owdor; ?a.) Ilho

:i' 'i -7ront 1
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Time, minutesF

Fig. 27. Thermogram of Fig. 28. Thermogram of
butyl ester of monochlo- Chiorethamine. For con-
methylphosphinic acid. ditional designations
For conditional designa- see Fig. 25.
tions see Fig. 25.

According to the existiig method of obtaining trichloromethylphosphinic

acids by pyrolsis of esters [75], the decomposition of esters of

trichloromethylphosphinic acids starts at 1500 C with separation of unsaturated

hydrocarbons and with formation of trichloromethylphosphinic acid.

0 0
CC.3-OC.6M."..CC2S t OH+.. -2

In thermography for chemically pure butyl ester of trichloromethylphosphiaic

acid this process is observed at a higher temperature (225°C). The first

affect is revealed by absorption of heat and intense bubbling. Evidently,

the second effect with liberation of heat at 2400C is combined with further

process of decomposition, which, possible, includes the separation of the
trichloromethyl gx.oup.

Even less stable is amyl ester of trichlorethylaceoxyphosphinic acid:

0
IC43u0-PC114X2 3

C4HuO 0C-C114

Ito disintegration starta at 175°C . The reaction temperature of this

ester wJth iron is lower than that of Chloreth-40 (1iO0 C), although it gives

off heat less intensely.

Butj I est.er of mnochloromethylphosphinic acid

CROPOM(CH),
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is a comparatively stable and slightly reactive substance (Figure 27). It

toils giving off butylene at 2590 C and reacts with iron at 260 0 C with small

liberation of heat. Its antiburr properties are comparatively low (curve

4 in Figure 20).

Heightened stability and good antiburr properties (curve 5 in Figure 20)

belong to the salt of monobutyl ester of trichloromethylphosphinic acid and

methyloctadecylamine, chlorethamine, synthesized by B. V. Kelymenov:

0

The tennogram of this substance is shown in Figure 28. At 45 0 C heating

is accompanied by intense absorption of heat due to fusion of chlorethamine.

In the absence of iron powder the differential curve gives a jump at 232 0C,

indicating that reaction with liberation of heat occurs there (evidently,

decomposition of the substance). In presence of iron powder the reaction of

chlorethamine starts at 178 0 C, i.e., higher than for the previously considered

esters of trichlorophosphinic acids.

These data agree with practice: the stability of salts of amines with

chloralkylphosphinic acids is the reason for their application as antiburr

additives.

5. Compounds Containing Sulfur and Chlorine Simultaneously

A very effective aritiburr composition is a mixture of sulfur and chlorine

Lccnpound&; however, In an overwhelming majority of cases it leads to corrosionI,

* of steel during rigid operating conditions, thus determining high contact

temperatures.

It has been established [103] that the presence of active sulfur in an

addlSive, conssting of a mixture of sulfur and chlorine compounds, accelerates

the fonriat.ion ,-f iron chlorides, but the formation of iron sulfides in presence

of chlorine components decreases. The presence of sulfur-containing compounds

I does not iffect the production of hydrogen chloride, whereas the production of

hydro gen sulfid •- increased In presence of chlorine component.
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The catalytic effect of sulfur compcunds on the formation of chlorides

is approximately proportionally to their activity during formation of sulfides;

therefore, slightly active organic sulfides weakly assist the formation of

chlorides.

The essence of the catalytical action of sulfur-containing compounds is

that the iron sulfides forming under the influence of the temperature of

friction then quickly react with chlorine, whereas the reaction of formation

of iron chlorides by direct influence of chlorine on the surface of iron

occurs significantly more slowly.

According to source material [±03] this reaction can be depicted by the

following equations:

20, + FS.• 8•_+ C,, + redl, + a 3

Thus, according to these equations the sulfur-containing compounds

quickly reacts with metal either directly, or being decomposed with yield of

sulfur. The sulfides react with the chlorine-containing compound, forming

chlorides and sulfur, which again gives FeS or FeSn.

Analysis of electron diffraction of a copper plate subjected to the

influence of oil with a sulfochloride-containing additive, carried out by

K. V. Shishokina, revealed lines belonging to Cu, CuCl 2 *2H2 0, CuCI 2 and

weak lines of CuS. After scratching the surface of the sample the lines of

CuS are strengthened on !he electron-diffraction pattern, and the lines of

CuCM2.2H2 O and CuI 2 are significantly weakened. This indicates that the

sulfide layers of metal appearing under the influence of sulfochlorine-containing

compounds are stabler, penetrate deeper into the metal and, evidently, serve

as substances which further react with chlorine compounds. This does not

exclude the independent role of sulfur-containing compounds in preventing of

igrasping of surfaces.

Organic compounds containing chlorine and selenium also act this way;

on the friction surfaces chlorides of metal are revealed, whereas selenium

plays the role of a catalyst in forming chlorides [1O4].
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The mechanism of catalytical action of sulfur in conditions of friction

was also confirmed by Davey on a number of organic compounds contailnig,

besides sulfur, also chlorine, iodine or bromine [63].

Jointly with Ye. I. Petyakina and others the author showed that the

catalytical action of sulfur is indicated sufficiently by adding a small

quantity of sulfur-containing additive to the chlorine component to sharply

increase the antiburr properties of this composition in oil. This is illustrated

by the diagram in Figure 18 (middle part). The maximum effect is attained at

a ratio of approximately 70% of the chlorine component and 30% of the sulfur

component. This effect almost does not depend on the sulfur concentration in

the sulfur component of the additive, but to the strongest degree depends on

the activity of the chlorine component, determined both by the structure of the

compound and also by the quantity of chlorine in the molecule (72].

A very active sulfochlorine-containing additive is DI-(trichloropentyl)-

sulfide, or Sulphol (see p. 57).

The activity of this compound is determined by the presence of the

trichloromethyl group and the ratio of the quantities of chlorine and sulfur in

the molecule. The trichloromethyl group causes the exothermic Jump characteristic

for compounds of this type at 153 C in the presence of iron powder indicating

the intense reaction of Sulphol with iron (see Table 3).

6. Compounds Containing Sulfur, Chlorine and Phosphorus Simultaneously

Additives containing three active elements, sulfur, chlorine and phosphorus,

possess great universality and, as a rule, act satisfactorily both at high loads

and also at high speeds and low loads. Phosphorus promotes lowering of wear

and smoothing of surfaces; sulfur lowers friction and is the catalyst of the

antiburr effect ensured by chlorine.

Research in electron diffraction of steel surfaces subjected to the

influence of oil :ontaining an additive three active elements, conducted

on tMe request of the author by K. V. Shishokina, showed the chlorides

cncentrate on the surfaces and that the sulfides penetrate into the depths.

-80-

* I _ _ --------- ~ ----- _



!F

Through the radioactive isotope method it was shown [91] that the formation

of metal sulfides on surfaces decreases in presence of phosphorus and chlorine.

The stability and ability to interact with metallic surfaces depends mainly

on the character of the compound containing the three active elements (sulfur,

chlorine and phosphorus). The Soviet additive LZ-309, obtained by the reaction

of sodiumdialkyldithiophosphate with !.3-dichlorbutene-2, disintegrates at

253 0 C (sec Table 3). Interacting with iron powder, LZ-309 is effective in

comparatively low concentrations, 5% whereas the foreign additive, Anglamol-70,

containing dibenzyldisulfide as the sulfur-containing and being a nomposition

of several compounds, is effective only in concentration of 9%. Thermographic

analysis of Anglamol-70 (see Table 3) indicates its high stability; decomposition

occurs at 2890 C, and the reaction with iron powder occurs at 2300 C with snall

liberation of heat.

7. Compounds Containing Metals

Lead soaps in combination with sulfur and chlorine compounds are good

operating sabstances.

The mechanism of action of additives containing lead soaps and sulfur

was studied [105] by tne method of electron diffraction. Films forming at

1500C bn steel under the influence of oil containing these additives were

investigated.

It was determined that if the o13 ccnina.ned lead napthenate and sulphurized

fats, during a brief effect of temperature on steel films of lead sulfate

(PbSo4) formed, and during loft or rxo-e intensive effect of temperature lead

sulfide (PbS) formed. Upon heating in oil with only lead naphthenate the

latter is evidently adsorbed on surfaces, which is revealed by diffraction

pattern, similar to the diffraction of lead. During subsequent heating of these

films In sulphurized oil the diffraction pattern changes, passing into rings

characteristic for lead sulfate.

Thus, in the opinion of Simard and co-authors, the interaction of additives

containing lead soaps and active sulfur with steel surfaces flows according

to the following mechanism: first the lead soaps are adsorbed on the friction

surfaces; then the lead soap film reacts with the sulfur with participation
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of oxygen leading to the formation of lead sulfate; and, finally, lead

sulfide is subsequently formed.

Tb. mentioned authors consider that there can be two causes of lowering

friction in presence of additives containing lead soaps and active sulfur:

I) lowering the resistance to shift of the formed lead sulfide films as

compared to the resistance to shift of the initial metal (steel); 2) the

formation a eutetic alloy, }eS-PbS, with a lowered point of fusion (970 C),

which during friction transfcrms into a plastic state.

Contrast to this, Davey (9] assumes that lead sulfide will be formed

independently of lead sulfate; in the process of reaction of iron with lead

soaps iron soaps and free lead appear; the free lead then reacts with sulfur

to form lead sulfide.

An absolutely diff ant, purely physical mechanism of action is ascribed

to natural molybdenur. diculfide (or tungsten disulfide). It is assumed that

it is analogous to the mechanism of action of graphite. Slippery scales of

these substances easily shift --ie along another under the effect of tengents of

forces like a deck of cards.

The ability of tie MoS. grid to shift is determined by the fact that the

strongly polarized cations of mclybdenum are combined rith easily polarized

anions of sulfur and thus the bond between Mo and S turns out to be significantly

more durable than tho bond between two atoms of sulfur, which ensures an

easy shift in this plane [8i].

Evidently the oxidized compounds and xanthogenatles of molybdenum act

otherwise, although, in the opinion of Hugel [83], the mech.anism cf action of

,molybdenum blue in combination with sulfur additives is analoiouc tc, the

action of MoS 2 suspensions: under the effect of temperatures appearing during

friction the complex rompound (f molybdenum blue decomposes and MoS 2 will be

formed on the surfaces. During decomposition of molybdenum xanthogenates

a film of molybdenum hydroxysulfide appears on the friction surfaces.

lt seems to us that to explain the mechanism of action of molybdenum

blue in combination with sulfur compounds there is no need to assume the

formation of molybdenum disulfide with a flaky structure.
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Jointly with Ye. I. Pyatyakina the author conducted research allowing

the assumption of another mechanism.

In Figure 29 it is clear that Mo blue (2) in the absence of a sulfur

component increases the antiburr properties of TS-14.5 oil (1), although to

a lesser degree than in combination with the sulfur-containing additive,

LZ-6/9 (3). This is fu'" r naturally, since Mo blue ie an oxygen rich compound.

Meanwhile oxygen, just as sulfur, is a representative of group VI of the

periodic table and, as proven by G. V. Vinogradov [106], easily interacts with

metal surfaces, giving c strong antiburr effect.

Regarding molybdenum disulfide, as follows from the data of Figure 29,

even a 10% concentratio.i of it in oil does not give an effect equivalent to

that which appears upon adding 1.5% Mo blue to oil (curves 7 and 2). The

combination of Mo blue with chlorinated paraffin gives oil even higher antiburr

properties (see curve 4).

The resul'ts of electron diffraction research of fllms forming on steel

surfaces under the effect of molybdenum additives are given in Table 5.

Steel plates (stiel 45) were heated in oil with the additives enumerated

in the table at the shown temperatures for I hour. After that the plates were

washed in hot benzene, then in ethyl alcohol and their surfaces were investigated.

Li, I'(

Zo _X1 ! _=

t: 4S

S!- I

Fir. 29). Antiburr property of oil TS-3)4.5
with additives of molybdenum. compounds.
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Additive Properties
Curve _ oP _________

Designation in oil kg kg

I Without additive ... 37 79 126
* 2 Mo blue ............ 1.5 56 126 282

3 Mo blue and 1,5
LZ-6/9 ................. 3,0 89 158 447

SMo blue and 1,5
chloroparaffir, ..... 5,0 97 163 501

5 Chloroparaffin..... 5,0 58 100 280
6 LZ-6/9 ............. 3,0 74 100 447
7 Molybdenum disulfide 10 52 89 316

Tat 5. ectrorfb0ff ruction -4iearýh "-W Filis Poming on
S'-el 5uraces ••der the EffeAt o T--14.5 Oil witi ,draitlv÷.•
ar f lytdt.. in Cor. s (A;*r-:n to Y. .. !ishokim)

IndicesA~ddtive
it u 11c, Blue • ,Z-6/9 no blue

___-_Concentration of
the additi:ve... ., tO 3 1.5
Temprature of

6xexprlumt 6C.Iw oI20 iS~ 250 5

Coospoundt revealed f. .VF e

I

S~on srae........ e . O•

-r$: is ot.sorvod,

i As can be seen from t~he table, molybdenum dicq~fldk. was observed by

diffractional lines only after heating the plate in oil with molybdenum

disulfide, but not in oil with additive of molybdenum blue or with the sulfur

add! tive LZ-6/9.

All 'his indicales that adding Mo blue in combination with a sulfur component

will not form MoS 2 on the friction surfaces and practical calcalation of the

sulfur component by 'he stoichiometric formula on MoS 2 is groundless.

The presence of higher oxidized compounds of molybdenum on the surfaces

after the t.est for friction is revealed by the qualitative electrographic

metnod. Oxidized compounds of molybdenum pass to gelatinized paper impregnatel

with the electrolyte (potassium clloride) during transmission of a 30 ma

current for one minule; after that they appear at firs, in a solution of' tIr.

chioride, and tlen potas.-iur thiocyanate. In presence of potassium thiocyanale

the 11oC(, (',4), ion -will te formed, coloring t.-e paper a pink-raspberri color,
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It is possible to assume that molybdenum blue, which is complex oxidized

form of molybdenum wi th a variable valence, possesses high surface activity

and reactivity with active element of the second component of the additive.

Mo blue activates chlorine and sulfur evidently by forming of very different

in character cowmounds of molybdenum with sulfur and chlorine, including
oxysulfides and oxychlorides of molybdenum. With tnin the antiburr effect
characteristic for conipounds of sulfur and chlorine is combined with high

surface activity of molybdenum blue which, in particular, affects the exclusively

high value of the critical load Pk for compositions of additives containing f
Mo blue.

An analogous effect could evidently be obtained with other elements giving

complex compolmnds due to their variable valence.

ei. 3. Recommendations for Selecting Oil Additives

Selection of oil additives is determined by the operating conditions of

the lubricating substances in friction nodes and the specific requirements of

the machine or mechanism.

A. Automobiles

!lpr'ý we will not consider additives used in oils for internal combustion

engines In detail: this question exceeds the bounds of this work. As a rule,

in this case washing, anlioxidant and anticorrosion additives, also possessing

qntiwear properties are used.

In selecting additives to oils for automobile transmissions the following

considerp'ions hold.

The nlghest and impact loads are carried by the main transmission of the

rear axle. When the main transmission has hypoid gears, the high speeds

of relative slip of teeth cause intense heat emission, which leads to jasuuning

of surfaces; to prevent this a strong antiburr additive is unconditionally

requi red.

Gear.s and bearlngs of trans.iission boxes usually do not carry specially

hig[h load:;, and therefore, an a rule, application of antiburr additives in

Oils lulricni inr the me,-anisms of automobile transmission boxes is not necessary,
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Table 6. Additions to Oils for Friction Nodes of Autmobiles

Addi tion
Lubricated nodes

Recommended type Approximate
composition

Transmission Box No additive or an anti- Sulfur and phosphorus-
wear additive is reco- containing products;
mmended cnlorine-containing

additives are not reco-
mmended

Rear axel with spiral- Antiburr additive of Chlorine-containing addi-
conical transmission average activity tives, most often chloro-

I paraffin; sulfur-contain-
i ing additives or sulfur

and chlorine-containing
additives

For longer wear speciali Most frequently additives
long-wear additives' containing sulfur and

lead soaps

Rear axel with hypoid Strong antiburr addi- Sulfochlorine-containing
transmission tives; component and zinc

dithiophosphate. Addi-
tives containing S, Cl
and P. Sulfochlorine-
containing additives
with an anticorrosion
component.~iI

Long-wear additives Sulphurized fats and
for factory filling lead naphthenate or

a component containing
sulfur and chlorine and
lead naphthenate, or
a chlorine-containing
component and zink
dithiophosphate, or
a sulfochlorine-con-
tainina additive with an
anticorrosion component

Steering control Antiwear additives Sulfur or sulfophos-

(the same as In oils phorus-containing pro,
for transmission boxes;)! ducts

Long-wear addilives' Sulphurized fats and
jlead soaps

Cardan joints No additive or ari addi- Co]loidal suspensions of
tive aairnsl fre4 t.ing j raDhItie or molybdenum
,:orrosi on disu'lfide

I'Thr. dr.niral-le p!,mporties of these additives in the first period of operalion
theore, "-nily r! luld. !ha! a, a rsuilt of heightened wear of surfaces, ensure

cir info.Iso ext r'a ,o.ratioon and smoothinp, evoking, on fh" one hand, lowering
,f" Io.v-! ioaas, and ori ,he other, a shift to more perfect nuasihydrodynamic

rid! t Iorn: of' fri 1 i , n.
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Table 6. (Cont.)

Addition
Lubricated nodes

Recommended type Approximate
Composition

Combined transmissions Antiburr additives of Additives containing
having toothed engage- average activity, in- sulfur, chlorine and
ment and hydrodynamic hibitors of corrosion phosphorus and anti-
transmission and ser- and oxidation corrosive component of
viced by one lubricating alkaline type.
system Dialkyldithiophosphates

of metals

Rear axel and differen- Strong antiburr Sulfochlorine derivi-
tial having friction additives containing ties, zink dialkyldithio-
clutches of limited a friction stabilizing phosphates and sulphurized
slippings, serviced by component, fatty oils.
oil from one lubricating
system.

and senlimes can be harmful, since it can evoke heightened wear of the working

surfaces and corrosion of details. In most cases in transmission boxes it

is expedient to use oils with antiwear additives. For new constructions of

heavy trucks it, frequently appears necessity to use oils with antiburr additives

in trar:umission boxes.

Th, character of additives to oils applied in different nodes of automobiles

is given in Table 6 [107, 108].

B. Turbines

Besides lubricatinF transmission gears from the turbine to the screw

prooeller, turbine oils should also fulfill the function of a lubricant of

the slip bearings of liquid friction and roller bearings, and also the function

of a coting oil in the case of a steam turbine and working fluid in the case

of a hydrocoriverter. Therefore additives to turbine oils should not only

improve the ant wear properties, but also should not allow corrosion of colored

and black alloys, should not worsen the deemulsifying ability of turbine -ils

arid should ensure their high stability and absence of sedimentation (1O9, 110, 111].

Furtherm(re, in steam turbines, where cases of moisture getting into the

lubricating system are observed, the additive should not evoke rusting of metal

or bc eubjected to hydrolisis. Additives for oils servicing hydrotransformers

:;l.'ouId hit neatTV0Jy affect the I ining-. The types of applied additives are
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given in table 7.

Table 7. Additives to Turbine Oils Servicing Gear Trans-
missions, Hdroconverters and Bearings._..

Recommended Type Approximate Composition

Antiburr additives of aver- Sulfur-containing additives
age activity with anticorrosion component

or sulfochlorophosphorus-
containing additives.

Inhibitors of oxidation, lonol, zink dithiophosphates,
corrosion and rusting. amines, derivatives of

maleic onhydrides, alkylsa-
licylates of calcium.

C. Rolling Equipment

Gear transmissions of rolling mills are subjected to high impact loads.

Therefore, cases of jamming of toothed wheels are common, although basic

type of damage remains fatigue painting of surfaces; this cannot be prevented

with antiburr additives. Most subjected to jamming are the teeth surfaces of

roller gears directly adjoining to roll stands of rolling mills. Water, passed

under high pressure to the rolled metal for sintering, gets into the lubricating

system of roller gears (and if the lubricating system is a general circulatory

one, then it gets into the general lubricating system). The presence of water

in the lubricating systems reductors and roller gears of rolling mills

extraordinarily complicates the selection of antiburr additives. They should

be required not to evoke corrosion and rusting of metal in presence of water,

not to hy *ze and not to worsen the deemulsifying ability of the oil.

These req .,.ents are met. by antiburr additives of averagc. activities, being

compositions of lead and sulphurized fats.

D. Metal-Cutting Machines

Friction nodes of metal-cutting machines, as a rule, do not need antiburr

or antiwear additives, since wear of gears, especially guides, has an abrasive

character. It is expedient to use antifriction (for worm transmissions) and
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friction stabilizing (for guides) additives given in Table 8. Abroad, as friction

stabilizing additives are applied saturated fatty acids in foreign lands (for

instance, stearic), and we have developed additive [v-40i] (B-401).

Table 8. Additives to Oils for Metal-Cutting MMchines

Lubricated nodes Recommended type Approximate compoaition

Feed guides Additive; friction Saturated fatty acids
stabilizing and their salts (e.g.,

aluminum stearate)

Worm transmissions Additive, lowering Sulphurized, unsulphur-
friction and increas- ized, or phosphorus
ing efficiency. pen asulfide treated

animals fats.

For heavily loaded worm transmissions compounds of mineral oils wi~n

animal or vegetable fats are recommended. In USSR for this purpose the

additive, [EZ-2] (33-2), constituting etherified castor oil treated with phosphorus

pentasulfide has been developed.

For high-speed worm transmissions In foreign lands they use a synthetic

oil, constituting a mixture ethylene and propyleneoxides. From the available

information this oil lowers loss of' power in worm engagement noticeably more

than petroleum oils [112, 113].

E. Textile Machines

The most important question in textile machines is lowering losses from

friction, inasmuch as expenditure of power on direct fulfillment of tcchnological

operations Is minute (2-5% of total power consumption), and the number of

friction nodes and loss of power overcomming friction are great (95-98%).
Because of this In oils for textile machines, especially in oils for lubricating

spindles, it is expedient to apply antifriction additives.

Oils for spindles of spinning machines and runner ring of ring-spinning

machines also needs antiwear and antiburr additives [7] due to spot wear of

spindle and Jamming of' runner, leading to frequent breaking of thread.

Table 9 gives the approximate types of additives used for this goal [114].
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Table 9. Additions to Oils for lxtile Machines
Lubricated nodes Recommended type Approximate composition

Step bearings of spindles Antifriction and anti- Esters (e.g., glycerine
wear monooleate)

Anticorrosion and Alkaline sulfonates,
stabilizing alkylphenolates

Runners of ring-spinning Antifriction and Esters, sulphurized
machines antiburr terpenes

Anticorrosion and Sulfonates of calcium
stabilizing or sodium, alkylnpheno-

lates.

Additives increasing the stability of oil are also very important in this

case, since this allows lowering the accumulation of deposits in spindles

meshes, increasing interoverhaul periods and lowering losses on friction in

step bearings.

4'

* 4 -90-



it i

Literature

1. American standard "Nomenclature of gear tooth wear and failure." AGMA
110-02, ASA B 6. 12 - 1954.

2. H. Blok. Lubrication as a gear design factor. International conference
on gearing:. Institute Mech. Engrs, London, 1958.

3. G. K. Trubin. Contact fatigue of teeth of straight-toothed gears.
Transactions of TsNIITMASh, book 37, Mashgiz, 1950.

4. D. Scott. Proc. conference on lubrication and wear. Paper 58. Instn.

Mech. Engrs, London, 1957.

5. E. T. Hutt. Lubn Engg., August, 1952.

6. B. G. Lur'ye and R. N. Osher. Machines and tool, No. 7, 1960.

7. Yu. A. Rozenberg and I. Ye. Vinogradova. Lubricating mechanisms of machines.
Gostoptekhizdat, 1960.

8. S. R. Sprag and R. G. Cunningham. Ind. Engg. Chem., International Edit.,
51, No. 9, 1959.

9. W. Davey. J. Sc. Lubrication, No. 6, 1955.

10. R. C. Williams, W. C. Brandow and G. W. Schulto. NLGI-Spokesnwan, XXII,
No. 10, 1958.

11. P. A. Asseff. ErdSl und Kohle, Nr. 12, 1961.

12. Frospect of firm "Lubrizol."

13. V. M. Farrant. Lubrication Engg., No. 1, 1961.

14. Advertising note of the firm "Monsanto." Erdbl und Kohle, No. 3, 1960.

15. R. M. Matveyevskiy. Temperature method of evaluating the limiting
lubricathi.w ability of oils. Publishing House of the Academy of Sciences, USSR,
19%S.

16. C. M. larson and G. Perry. Transactions ASME, 67, No. 1.

17. (;. S. Krivoshen and M. D. Bezborod'ko. Transactions of Academy of Armored
troops. Information Collection No. 60, Publishing House of the Academy, 1959.

-91-

IA



1q. L. G. Berg, A. V. Nikolaev, and Ye. Ya.Rode. Thermography, Publishing
House of the Academy of Sciences, USSR, 1944.

19. I. E. Vinogradova arid Ye. A. Alekseyeva. Chemistry and technology of
fuels and oils, No. 7, 1961.

20. B. V. Deryagin and V. V. Krasev. Reports of Academy of Sciences of USSR,
101, No. 2, 1955.

21. J. J. Frewing. Proc. Roy. Soc A, 181, No. 184, 1942.

22. V. A. Kalichevsky. Petrol. Refiner, 28, No. 8, 1949.

23. G. G. Pritzker. Nat. Petrol. News, 37, No. 45, 49, 1945.

24. E. H. Kadmer. Ein Beitrag zur Theorie und Praxis der Hochdruckdle.
Curt Vincentz Verlag, Hannover, 1956.

25. E. Avico and M. Tcherkezoff. Revue de 1' Institut francais du petrole,
IX, No. 2, 1954.

26. 0. Beeck and J. W. Givens. at all. Proc. Roy. Soc. A, 177, No. 968,
194o.

27. L. F. Peal and J. Messina. at all. ASLE-Transactions, 3, No. 1, 1960.

28. P. I. Sanin, Ye. S. Shepeleva, A. V. Ul'yanova and B. V. Kleymenov.
Transactions of Institute of Oil of Academy of Sciences, USSR. Vol. XIV.
Publishing House of the Academy of Sciences, USSR, 1960.

29. Ya. M. Slobodln, S. S. Al'tman and K. D. Tammik. Obtaining sulfur
antiwear additives based on ethylene sulfides and fatty acids. Collection:
"Production of lubricating materials," Issue V. Gostoptekhizdat, 1959.

30. F. Sellei. Petrol. Proc., 4, No. 10, 1949.

-21. A. I. Dintses and A. V. Druzhinina. Synthetic lubricating materials.
Gostoptekhizdat, 1958.

32. US Patent No. ?%55366-:1958; 24159718-1948; 2540570-1951; 2549525-1951;
£41T•83-1947.

33. US Patent No. 2398271-1946; 2535705-1951; 2439610-1948; 2481140-1949;
2(939'39-1957; 2658000-1953; French Patent No. 984039-1951; Brittish Patent
No. 676712-1952; FGR Patent No. 926680-1955.

34. US Patent No. 2817653-1957; 2917503-1959; 2815326-1957; French Patent
No. 984059-1951.

55. lP8 Patent No. 2'.77636-1952; 2237625-1941; 2924572-1960; 2918429-30-iC59;
28936561-J9OI,; 2815326-1957; Brittish Patent No. 811860-1959.

6. A. S. Grigur'lyev and S. S. Al'tman. Synthesis of hiVh sulfur antiwear
additives, Collection: "Production of lubricating materials, Issue V.
Gostoptekdi'dat, 159. Also Author's certificate, USSR, 117661-1958.

57. US Patent No. 21(,(34-1939: 2862911-1959; 2853508-1959; 2541789-19g1;
222b•334-f,-_Y )40; 25Y7 i2-i, 5 2; 2421631-1947; 2198915-1 940; 2511731-1950;
2•8764 20- I51; P489270-19949; 240347'4-1946 ; P506571-3-1950; 2495478-1950;
flr ttizh P'atent No. *)'Y1)()-1947; 672679-1952; 672695-195?; FGR Patent No.
8: ooo3-V1ýI; Fr'ich P'at ent 11o. 997743-195P.

5R. iNW 1,at,' No. 21,V:1YhS8-195?; 2,31:?9'-3950; 41-95!3-952; 2945810-vwý"0:
'( -, 17, i ', - I 7

-92-

r.



A

I ,:

39. US Patent No. 2850452-1958; 2827433-1958.

40. P. I. Sanin, V. V. Sher, A. B. Vipper, I. S. Glukhoded, and Ye. A.
Nikitskaya'. Research of additives of the type of metal dialkyldithiophosphates,
SB. Collection: "Additives to oils and fuels." Gostoptekhizdat, 1961.

41. US Patent No. 2494592-1950; 2427585-1947; 2486188-1949; 2465292-1949;
2417415-1947; 2421004-1947; 2571332-3-1951.

42. I. D. Afanas'yev Synthesis of antiwear additives to oils. Collection:

"Additives to oils and fuels." Gostoptekhizdat, 1961.

43. P. Fa'y, and H. P. Lankelma. J. Amer. Chem. Soc., 74, 1952, 4933.

44. A. M. Ravikovich and I. V. Ladyzhenskaya', Antioxidant additives to
lubricating oils based on reaction products of phosphorus pentasulfide and
terpenes, SB Collection: "Additives to oils and fuels," Gostoptekhizdat 1961.

45. US Patent No. 2379313-1944; 2392253-1945.

46. US Patent No. 2419325-1947; 2415836-1947; 2459090-1948; 2483736-1949;
2502408-1950; 2910438-1959;

47. C. V. Smalheer and T. W. Mastin. Petrol. Proc., 7, No. 12, 1952.

48. US Patent No. 2417087-1947.

49. US Patent No. 2790833-1957; 2790772-1957; 2726236-1955; FGR Patent
No. 942582-1956.

50. Author's certificate, USSR 126212-1958; 120625-1958; US Patent No.
2552055-1951; French Patent No. 1203095-1960.

51. US Patent No. 2535705-1950; 2658000-1953; 2684335-1954; 2816075--1958;

2817648-1958; French Patent No. 1052014-1959; GDR Patent No. 1i944-1956.

52. A. LUttringhaus and W. Cleve. Ann Chem., 575, 1951, I12.

53. A. L;ttringhaus, H. B. Konig and B. B8ttcher. Ann. Chem., 560, 1948, s.
20±.

54. J. Raoul and J. Vialle. Bull. soc. chim. Fr., 1960, 108.

55. US Patent No. 2934501-1960.

56. US Patent No. 2932615-1960.

57. PGR Patent No. 807421-1950; French Patent No. 1111016-1955.

58. BrIttish Patent No. 785198-1957; French Patent No. 1193094-1959;
114547 6-i>5 7 ; 1215903-1960.

59. W. Davey. J. Inst. Petrol., 31, 1945, 73.

60. US Patent No. 27)I14?3-1956; 2898531-1959.

61. US Patent No. 0641578-1953; 2248925-1941; FGR Patent No. 872623-1953.

62. Author's certificate, USSR 119950-1959; US Patent No. 2334594-1943;
2588079-lp5?.

65. W. Davey. J. Inst. PItrol., 33, No. 287, 1947.

64. C. I. Boner. Petrol. Fngr., No. 9, 1956.

-93-

1*



65. US Patent No. 2153482-1939; 22?8252-19401 2259695-1941; 2244886-1941;
2320212-19'13; 23 6hL3 82-1 9 44; 2394734-1946; 25366A4-1951; 2613143-1952;
2932615-1960.

66. US Patent No. 2726236-1955; 2905664-1959.
67. R. G. Petrov and R. K•. Freydlina. Publishing House of the Academy

of Scier ces USSR, Department of Chemical Sciences, 1958, P. 19:.

68 R. S. Freydlina and Sh. A. Kara:netyan. Telomerization and new synthetic
substances, Publishing House of Academy of Sciences of USSR, 1959, Author's
certificate, USSR 152369-1961.

69. FGR Patert No. 1054196-1959; US Patent No. 2850452-1958; 2331005-1943;
2153495-6-1939; 2422769-19q 8; 2865941-1958; 2901431-1959.

p 70. 'IS Patent No. 2185009-1939; 2hi17o08-1947; 2503085-1950; 2503290-1950;
25o4o83-1)50; 2560421-1951; FMR Patent No. 1039601-1958.

71. US Patent No. 2329324-1943; 2329932-1943; 2188255-1940; 2340036-1944.

72. I. E. Vinogradova, Ye. I. Petyakina and F. Ya. Shames. Antiburr additi-es
for automobile transmissions and the mechanism of their action. Collection:
"Additives to oils and Fuels," Gostoptekhizdat, 1961.

73. US Patent No. 2348317-1944.

74. Ye. S. Shipeleva and P. I. Sanin. ChlorophosDthoroganic cromipounds as
additives i, wering wear durirg friction, Collection: "Additive. to oils and
fuels," Gostoptekhizdat, 1961.

75. US Patent No. 2614990-1952; 2599761-1952; 2573568-1951; 2683691-1954;
26746:16-1954; B3rttish Patent No. 705308-1954; 696261-1953; 664127-1952;
FGR Patent No. i019280,6-I'J59; 851237-1952.

76. US 1'atent No. 2542504-1951; 2 63 8;448- 19 53 ; 2600154-1952.

77. ';S Pa ent No. 24o389I'-1946; 2491772-1949; 2331005-1944; 2380454-1945;
233971i-1944; 24361-41-1947; FGR Patent No. 849468-1952; 851237-1952.

!8. US Patent No. 2348317-1944.

79. P. I. Sanin, Ye. S. Shepelex'a and B. V. Kleymenov. Chemistry and technology
of fuels arid oils, No. ý!, 1960.

80. Prospec-t of the firr. "Monsanto."

81. L. N. Sentyurikhin, and Ye. M. Oparina, Molybdenum disulfide a new
lubricating means. Transactions of VNIINP, Issue 7. Gostoptekhizdat, 1958.

82. A. A. a.l'-xovskaya, Ya. B'zvul. I. M. Kheyfetz, I. B. Rapoport, V. A.
Listov aid Ye. I. Petyakina. Effectiveness of certair molybdenum and sulfur
organic compounds as antiwear addit]ves to lubricating oils. Collection:
"Additives to oil.; and fuels." Gostoptekhizdat, 1961.

$3. lG. HIurel. Erd&3] und Kohle, Nr. 9, 19--5; Lubrication Engg.. No. 12, 1958.

84. FGR Pate,,t No. 109')73-1961; 11088V6-1961.

8"'. If. hluk. SAEO-Journal, 44, No. 5, 1939.

,. 1-. B. Bowden and D. Tabor. Friction and lubrication of solid bodies.
.asl ,iz, -,g).

F7. I. P, Bowden. .. Inst. Petrol., 34, No. 197, i948.

• D- T -6 -• - -- -- ----- - 9. -- . - -



88. 1. I. Rebinder and N. . Petrov. Physico-chemical bases of phenomena
of wear of friction surfaces and lubrication at high pressures. Tran-actions
of the All-Union conference on friction and wear in machines, Vol, 1, Publishing
House of Academy of Sciences of USSR, 1939.

89. F. P. Bowden, J. N. Gregory and D. Tabor. Nature, 156, 1945, 97.

90. D. V. Losikov, N. G. Puchkov and B. A. Englin. Basis of application of
oil products. Gostoptekhizdat, 1959.

91. G. V. Vinogradov, M. M. Kusakov, P. I. Sanin, Yu. S. Zaslevskiy, et al.
Chemistry and technology of fuels and oils. No. 6, 1956.

92. P. I. Sanin and A. V. Ul'yanova. Phosphororganic compounds lowering wear
during friction. Collection: "Additives to oils and fuels." Gostpotekhizdat,
1961.

93. W. Davey. J. Ind. Engg. Ch6n., 42, 1950, 41.

94. G. V. Vinogradov, M. D. Bezborod'ko, 0. Ye. Morczova, P. I. Sanin and
A. V. Ul'yanov. Chemistry and technology of fuels and oils, No. 5, 1956.

95. I. E. Vinogradova, Ye. A. Alekseveva and S. S. Kulagina. Methods of
temperature appraisal of antiburr properties of oils with chemically active
additives. Transactions of the All-Union conference on methods of test for
dear. Publishing House of Academy of Sciences of USSR, 1962.

96 W. 1I. DaveY and E. D. Edwards. Wear, 1, No. 4, 1957-1958, 291.

07. V. Borsoff and C. D. Wagner. Lubrication Engg., No. 2, 1957.

98. Yu. M. Vinogradov. Sulfurized metals. Publishing House of the Moscow
House of .cirntif.c Technical Propaganda named aftor Dzerzhinskiy. Series
"Galvanic combined coverings of metals," Issue 3, M. 1958.

99,. N. S. Dombrovskaya and Yu. M. Vinogradov. New method of increasing
resistance to wear of friction details by sulfurization. Collection: "Increase
of resistance to wear asnd period of service of machines.' Mashgiz, Kiev-Moscow,
1956.

100. G. V. Vinogradov and 0. Ye. Morozova. Wear, 3, No. 4, 1960.

101. Yu. N. Vinok-radov and Z. P. Kireyeva. Properties of different metals
durini, chemical thermal treating by sulfurization, selenization, and chlorination.
Collection: "Chemical thermal treatment steel and alloys." House of Technology
named after F. E. Dzerzhinskiy, 1961.

102. Yu. V. Vinogradov, Lyan Go-Lin, Yu. Ya. Podol'skiy, P. I. Sanin and Ye.
S. Shepeleva. Oil-chemistry, 1, No. 3, 1.961.

103. C. V. Prutton, D. Turpbul? arid G. Dlouhy. J. Inst. Petrol., 32, No. 266,

104. J. N. Gregory. J. Inst. 1, ..rol, 314, No. 297, 1948.

5. C. .L. Simard, H. W. Russel and H. R. Nelson. Ind. Engg. Chem., Ind. Ed.,13, !No. 21. 2:41.

106. G. V. Vtnogradov, 14yan Go-Lin and N. T. Pavlovskaya. Neftekhinilya, 1.
No. 3, 19(.1.

107. J. S. Elliott, N. E. F. Hitchcuck and E. D. Edwards. J. Inst. Petrol.,
W), rio. 428, ig,,,)

108. G. R. 1Iuihes and C. G. Ruston. Sc. Lubrication 12, No. 2, 1961.

PTD- MT-6 h - 388 g-95-

I!



C )q

'I
109. J. S. Elliott and E. D. Edwards. Proc. conference on lubrication and

wear. Paper 98, Inst. Mech. Engrs, London, 1957.
110. J. Socolofsky, J. A. BDrc•. " A. Dickins and S. F. Chrisholm. Proc.

conference on lubrication and wear. Paler 43, Inst. Mech. Engrs, London, 1957.
Ill. 4i. L. Steinbach. Erd6l und Konle, Nr. 5, 1959.
1±2. J. Whittle. Sc. Lubrication. No. 1, 1961.

113. H. Reith and KJ.in-Seb-Jang. Darstellung und Schmierstoffeigenschaftenvon PolyalkylenglykolZ5len. 2. Symposium: Schmierstoffe und Schmierung.Dresden, 196C. (Abstract: Erd6l und Kohle, Nr. 11, 1960).

114. US Patent No. 2913407-1959.

II

° i


